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Class VI UIC Area of Review and Corrective Action
This submission is for:

Project ID:  R06-LA-0007

Project Name: Hackberry Sequestration Project

Current Project Phase:  Pre-Injection Prior to Construction

Overview

Simulator Used for AoR delineation modeling: GEM

Version Used: 2020.11

Simulator Description/Documentation: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel1-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--1.pdf

Total Simulation Time From Start of Injection: 120 yrs

Additional AoR Delineation Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--2.pdf

Model Domain
Coordinate System: State Plane
Horizontal Datum: NAD83
Coordinate System Units: ft
Vertical Datum: Ground Surface
Describe Vertical Datum: Measured in feet, positive in downward direction with zero at surface
Zone: -999
FIPSZONE: -999 ADSZONE: -999
Mesh Type: Hexahedral Cartesian
Domain Size in Global Units Specified Above
Hexahedral Cartesian
Domain Coordinates File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AcRModeling-01-03-2023-
1554/CBI--Page--3.pdf

Angle of Inclination in X Direction: -999 Dips in the Direction of: increasing x
Angle of Inclination in Y Direction: -999 Dips in the Direction of: decreasing y
Grid Size
Number of Nodes in  x:-999 y:-999 z:-999
Grid Spacing: Constant
Grid Spacing in x:-999 y:-999 z:-999
Grid File Format: ASCII file containing vertices and elements
Grid File Description: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-

1554/CBI--Page--4.pdf
Grid Data File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AcRModeling-01-03-2023-1554/CBI--

Page--5.pdf
Faults Modeled: Yes

Fault Coordinates File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--6.pdf
Caprock Modeled: No
Image File(s) for Model Domain Grid: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--7.pdf

Processes Modeled by Simulator
Reservoir Conditions:

Supercritical CO2 Conditions

Phases Modeled:

Aqueous Supercritical CO2

Aqueous Phase:



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--1.pdf
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Phase Compressibility: Compressible
Compressibility Value: -999 1/psi
Phase Composition: Compositional
Aqueous Phase Components:
CO2 Water
Supercritical CO2 Phase:
Phase Compressibility: Compressible
Phase Composition: Compositional
Supercritical CO2 Phase Components:
CO2 Water
Equation of State Description Including Reference: Peng-Robinson (1978)
File with EOS Reference or Documentation: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--8.pdf

Multifluid Flow Processes:
Advection Dispersion Diffusion Buoyancy
Non-wetting Fluid Trapping Mixed Wettability Pore Compressibility
Thermal Conditions: Isothermal
Heat Transport Processes:
Geochemistry Modeled: Yes
File Describing Geochemistry Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--9.pdf

Geomechanical/Structural Deformations Modeled: No

Rock Properties and Constitutive Relationships
Porosity/Permeability Model
Single Porosity
Porosity Distribution: Heterogeneous
Spatially Variable Porosity File: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-
2023-1554/CBI--Page--10.pdf
File Describing how Porosity was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-
0007/Phasel-PreConstruction/AcRModeling-01-03-2023-1554/CBI--Page--11.pdf
Image Files for Porosity Distributions: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--12.pdf
Permeability Distribution: Heterogeneous
Spatially Variable Permeability File: https:/gsdt.pnnl.qgov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--13.pdf mD
File Describing how Permeability was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-
LA-0007/Phasel-PreConstruction/AocRModeling-01-03-2023-1554/CBI--Page--14.pdf
Image Files for Permeability Distributions: https://gsdt.pnnl.qgov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--15.pdf
Number of Rock Types Modeled: -999
Description of Rock Type Selection and Assignment: https://asdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--16.pdf
Rock Type Distribution Data File: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--17.pdf
Image Files for Rock Type Distribution: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--18.pdf

Boundary Conditions
Attach Boundary Conditions Description File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--19.pdf

Initial Conditions



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--8.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--8.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--9.pdf
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https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--10.pdf
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https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--11.pdf
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Initial Phases in Domain:  Aqueous
Initial Aqueous Pressure: Varying with Depth, Temperature, and Salinity
Initial Aqueous Pressure: -999 MPa at Reference Elevation: -999 m
at Reference Elevation: -999 m
Initial Temperature: Varying with Depth
Initial Temperature: -999 C at Reference Elevation: -999 m Gradient: -999 deg C/m
Initial Salinity: Spatially Constant

Initial Salinity: -999 mg/L

Operational Information
Number of Injection Wells: 3
Injection Well #1
Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units
Wellbore Diameter: Constant
Wellbore Diameter: -999 cm
Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--26.pdf
Mass Rate of Injection: -999 MMT/yr
Total Mass of Injection: -999 MMT
Actual Injection Temperature: -999 C
Modeled Injection Temperature: -999 C
Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m

Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture
List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period
Injection Start Date: -999 Stop Date: -999
Injection Well #2
Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units
Wellbore Diameter: Constant
Wellbore Diameter: -999 cm
Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--28.pdf
Mass Rate of Injection: -999 MMT/yr
Total Mass of Injection: -999 MMT
Actual Injection Temperature: -999 C
Modeled Injection Temperature: -999 C
Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m

Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture
List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period

Injection Start Date: -999 Stop Date: -999



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--26.pdf
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Injection Well #3

Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units

Wellbore Diameter: Constant

Wellbore Diameter: -999 cm

Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-

03-2023-1554/CBI--Page--30.pdf

Mass Rate of Injection: -999 MMT/yr

Total Mass of Injection: -999 MMT

Actual Injection Temperature: -999 C

Modeled Injection Temperature: -999 C

Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m
Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture

List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period
Injection Start Date: -999 Stop Date: -999

Number of Production/Withdrawal Wells: O

Model Output/Results

Provide file name and corresponding spatial location for each file: -999

Time-Series File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--20.pdf

Provide file name and corresponding variable and time stamp for each file: -999

Snapshot File: https://gsdt.pnnl.

Page--23.pdf

Provide file name and corresponding description of surface for each file: -999

Surface Flux File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--24.pdf

Sensitivity Analysis Description/Results: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-

PreConstruction/AocRModeling-01-03-2023-1554/CBI--Page--25.pdf

AoOR Pressure Front Delineation
Lowermost USDW:
Name of Lowermost USDW: -999
Water Density: -999 kg/m”3 at Elevation: -999 m
Location of Measurement for Density: -999
Temperature: -999 C at Elevation: -999 m
Location of Measurement: -999
Pressure: -999 MPa at Elevation: -999 m
Location of Measurement: -999
Salinity: -999 mg/L at Elevation: -999 m
Location of Measurement: -999
Elevation of bottom of USDW: -999 m
Injection Zone:
Name of Injection Zone: Lower Miocene
Water Density: -999 kg/m”3 at Elevation: -999 ft
Location of Measurement: -999

Temperature: -999 F at Elevation: -999 ft
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Location of Measurement: -999
Pressure: -999 psi at Elevation: -999 ft
Location of Measurement: -999
Salinity: -999 mg/L at Elevation: -999 ft
Location of Measurement: -999
Elevation of top of Injection Zone: -999 ft
Method of Estimating Critical Pressure: Other
File Describing Critical Pressure Estimation: https://gsdt.pnnl.qov/alfrescol/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--21.pdf
Estimated Critical Pressure: -999 psi
Delineated AoR:
Shapefile or KML File Showing Delineated AoR: https://asdt.pnnl.qov/alfrescol/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--22.pdf

Corrective Action

Corrective Action Comments: No corrective action plans needed.

Area of Review and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b) or applicable state
requirements]

Are you making an Area of Review and Corrective Action Plan submission at this time?: Yes
Reason for Project Plan Submission: Other (specify):

Updated plume model discussion.

Project Plan Upload

Attach the Area of Review and Corrective Action Plan: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
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SECTION 10 - FINANCIAL ASSURANCE

This financial assurance section for Hackberry Carbon Sequestration Well No. 001 was prepared to
meet the requirements SWO 29-N-6 §607.C.2.m and §609.C.1 [40 CFR §146.82(a)(14) and
§146.85(a)]. This section outlines the instruments and associated costs for the well.
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Financial Assurance

A surety bond will be secured and used to provide sufficient funding for any corrective action,
injection well plugging, post injection site care & site closure, and emergency & remedial response.
In compliance with SWO 29-N-6 §609.C.4.c [40 CFR §146.85(a)(4)], this instrument may not be
terminated except due to failure to make payment and may not be final until 120 days after receipt.






Corrective Action Plan

No Corrective Action plan is required for the Hackberry Carbon Sequestration Well No. 001 project,
as there are no wellbores within the area of review (“AOR”). The AOR will be reevaluated every five
years to determine if any new penetrations have occurred.

Injection Well Plug & Abandonment

Plug and abandonment (P&A) of Hackberry Carbon Sequestration Well No. 001 will meet the
requirements of SWO 29-N-6 §631 [40 CFR §146.92]. The plug and abandonment of the injection
well must be designed such that no movement of fluids will occur from the injection interval.

Post-Injection Site Care & Site Closure

The post injection site care and site closure plan will be designed to meet the requirements of SWO
29-N-6 §633 [40 CFR §146.93].

Post-Injection Monitoring

Site Closure

When the director has released the owner from all post-injection site duties, site closure will occur.

Emergency & Remedial Plan

The emergency and remedial plan is referenced in Section 8 and is designed to be in compliance
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with SWO 29-N-6 §623.A.1 [40 CFR §146.94].

Updates to Financial Assurance

During the active life of this project, HCS will adjust the cost estimate for inflation within 60 days
prior to the anniversary date of the establishment of the surety bond and provide this adjustment
to the Director. HCS will also provide written updates of adjustments to the cost estimate within 60
days of any amendments to the area of review and corrective action plan, the injection well plugging
plan, the post-injection site care and site closure plan, and the emergency and remedial response
plan. If the updated cost estimate increases to an amount greater than the face value of the surety
bond in use, HCS will obtain an increase in the surety bond at an amount at least equal to the current
cost estimate or obtain other financial responsibility instruments to cover the increase and supply
evidence of such to the Director.










SECTION 5 — TESTING AND MONITORING PLAN

The operating plans for the proposed Hackberry Carbon Sequestration Well No. 001 will include a
robust testing and monitoring program, which are designed to satisfy the requirements of SWO 29-
N-6 §625.A [40 CFR §146.90]. This section discusses the key details of this program.
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Reporting Requirements

As per the requirement of 29-N-6 §629A [40 CFR §146.91], HCS will provide semi-annual reports to
the UIC Director containing the following:

> Any changes to the physical, chemical and other relevant characteristics of the CO2 stream from
what has been described in the proposed operating data.

> Monthly average, maximum and minimum values of injection pressure, flow rate and volume, and
annular pressure;

> Description of any event that exceeds operating parameters for annulus pressure or injection
pressure as specified in the permit

> Description of any event which triggers a shut-off device and the response taken

» Monthly volume and/or mass of the CO2 stream injected over the reporting period and the volume
injected cumulatively over the life of the project

» Monthly annulus fluid volume added

> Results of any monitoring as described in this Section

In addition, reports will be submitted within thirty (30) days after the following events:

» Any well workover
> Any test of the injection well conducted if required by the Director

Reports will be submitted to the Director, within 24 hours of the following:

» Any evidence that the injected VO2 stream or associated pressure front may cause an endangerment
to a USDW

» Any noncompliance with a permit condition, or malfunction of the injection system, which may cause
fluid migration into or between USDWs

» Any triggering of a shut-off system, either down-hole or at the surface

» Any failure to maintain mechanical integrity

Notification must be made to the UIC, in writing, 30 days of advance of:

» Any planned workover
» Any planned stimulation activities
» Any other planned test of the injection well

All reports, submittals and notifications will be submitted to both the EPA and the LADNR. All records will be
retained by HCS throughout the life of the project and for ten (10) years following site closure. Data on the
nature and composition of all injected fluids collected will be retained as well for ten (10) years after site
closure. The records will be delivered to the Director after the retention period if required by the director.
Monitoring data as described in Section 5 will be retained for 10 years after it is collected. Well plugging
reports, post-injection site care data and the site closure report itself will be retained for ten (10) years
following site closure.
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Testing Plan Review and Updates

This testing and monitoring plan will be reviewed and updated to incorporate monitoring data collected as
described at least every five (5) years. An amended testing and monitoring plan will also be submitted within
one year of an area of review reevaluation, following any significant changes to the facility such as the
addition of monitoring wells or newly permitted injection wells within the area of review; or as required by
the Director.

Testing Strategies

Initial Step Rate Injectivity Test

In order to determine the fracture gradient of the Hackberry Carbon Sequestration Well No. 001,
per SWO 29-N-6 §617.B.4.a [40 CFR §146.87(d)(1)] and SWO 29-N-6 §617.5.c [40 CFR
$146.87(e)(3)], a step-rate injectivity test will be performed before CO; injection begins. A bottom
hole pressure gauge and temperature gauge will be run to the bottom of the wellbore. A surface
gauge with continuous readout will also be installed. All gauges will be calibrated prior to the test.
Initial bottom hole pressure and temperature readings must be taken prior to beginning injection.

Testing Method

HCS will collect samples of the CO; injection stream and perform analysis to meet the requirements
of SWO 29-N-6 §625.A.1 [40 CFR §146.90(a)]. Samples of the CO; stream will be collected quarterly
for the chemical analysis parameters provided below and continuously for pressure and
temperature. The purpose of analyzing the carbon dioxide stream is to evaluate potential
interactions of carbon dioxide and other components of the injectate.
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Parameters Measured

Pressure Continuous
Temperature Continuous
pH Quarterly
CO; (%) Quarterly
Water (Ib/mmscf) Quarterly
Oxygen (%) Quarterly
Sulfur (ppm) Quarterly
Methane (%) Quarterly
Ethane (%) Quarterly
Other Hydrocarbons (%) Quarterly
Hydrogen Sulfide (ppm) Quarterly
Benzene (%) Quarterly

Table 5- 1: Injectivity Test Parameters Measured and Measurement Frequency

Sampling Methods
Samples of the carbon dioxide stream will be collected from the CO; pipeline at a location which

represents the injection conditions, with a sampling station connected to the pipeline via a sampling
manifold. Sample cylinders will be purged with injectate gas to remove any laboratory-added gas
and ensure a quality sample collection.





Mechanical Integrity Testing — Annulus Pressure Test

HCS will perform internal mechanical integrity tests (MIT) prior to initial injection and after any
subsequent workovers to meet the requirements of SWO 29-N-6 §627.A.2 [40 CFR §146.89(b)].

The results of the Annulus Pressure Test will be reported to the UIC Division on Form UIC-5 within 30 days of
the test.

External Mechanical Integrity Testing — Temperature Log

HCS will perform external mechanical integrity tests (MIT) annually to meet the requirements of
SWO 29-N-6 §627.A.3 [40 CFR §146.89(c)] by running a temperature log, through tubing.
Temperature logs will be run prior to beginning injection operations and will establish the baseline
to compare against future logs. Prior to running the temperature logs, the well will be shut in long
enough to stabilize temperatures, approximately 36 hours. Correlation between the baseline and
subsequent logs will demonstrate mechanical integrity. Temperature logs will be reported to the
UIC Division within 30 days of the log run.

Pressure Fall-Off Testing

To meet the operational testing requirements in SWO 29-N-6 §625.A.6 [40 CFR §146.90(f)], HCS will
conduct a pressure fall-off test every five years. These fall-off tests will be used to measure
formation properties near the injection well and to monitor for any changes in the near-well bore
environment that may impact injectivity and increase pressures.

Testing Method

Prior to beginning the pressure fall-off test, injection rate and pressure will be maintained as
constant as possible, while continuously recorded. Upon shutting in the well, pressure
measurements will be taken continuously through the use of two bottomhole pressure gauges, with
one serving as a backup and for verification in cases of questionable data quality. The fall-off period
will continue until radial flow conditions are observed, as indicated by a straight line of pressure
decay on a semi-log plot.
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Analytical Methods

Standard diagnostic log-log and semi-log plots will be generated with observed pressure changes
and/or pressure derivative plots. The purpose of these tests is to determine specific near-well bore
conditions, such as well skin, the prevailing flow-regimes and hydraulic property and boundary
conditions. Comparison of pressure fall-off tests prior to beginning injection operations with those
performed subsequently can indicate whether significant changes in the well or reservoir conditions
have occurred. Analysis will consider the effects of two-phase flow effects, and parameters
determined from the fall-off test will be compared to those used in the site computational modeling
and AOR determination. Any significant changes in reservoir properties may result in a reevaluation
of the AOR. Results of the pressure fall of test will be reported to the UIC Division within 30 days of
the test.

Quality Assurance/Control

All field equipment will be inspected and tested prior to use. Pressure gauges used in the fall-off
test much be calibrated in accordance with manufacturers’ recommendations and calibration
certificates will be provided with the test results. The use of the second bottomhole pressure gauge
will further provide validation of the test results.

Cement Evaluation and Casing Inspection Logs

Casing inspection logs will be run annually, through tubing on wireline and whenever tubing is
removed for workover operations. The following tools will be run at that time:

» Multiple-armed calipers to measure the inner diameter of the casing as the tool is raised or
lowered into the well

» Ultrasonic tools to measure wall thickness and provide information about the outer surface
of the casing or tubing as well as cement bonding

» Electromagnetic tools that measure magnetic flux of the tubular and can provided mapped
circumferential images to indicate potential pitting.

Monitoring Programs

Continuous Injection Stream Monitoring

HCS will continuously monitor the injection pressure, rate and volume, plus the annulus pressure to
meet the requirements of SWO 29-N-6 §625.A.2 [40 CFR §146.90(b)]. To facilitate the collection,
monitoring and reporting of operational data, a Supervisory Control and Data Acquisition system
(SCADA) will be installed on the site of the injection well.

The pressure and temperature of the injected carbon dioxide stream will be continuously monitored
by the use of digital pressure gauges installed in the carbon dioxide pipeline near the pipeline
interface with the wellhead and will be connected to the SCADA system on site. A Coriolis mass flow
transmitter will be installed on the injection well to measure the mass flow rate of carbon dioxide
injected. The flow transmitter will be connected to the CO, storage site’s SCADA system to
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continuously monitor and control the rate of CO; injection.

Reservoir temperatures and pressures will be measured through a fiber-optic, sDAS (Seismic
Distributed Acoustic Sensing), embedded in the cemented annulus behind the long string casing.
The gauges are described in detail in the Vertical Seismic Profile technology discussion in the plume
monitoring section of this plan.

Analytical Methods

Continuously monitored parameters will be reviewed and interpretated regularly, to ensure the
parameters are within permitted limits. The data will also be reviewed for trends to help identify
need for equipment maintenance or calibration. Monitoring results will be included in the semi-
annual reports.

Corrosion Coupon Monitoring

HCS will conduct corrosion monitoring of the tubing and casing materials of the well to meet the
requirements of SWO 29-N-6 §625.A.3 [40 CFR §146.90(c)]. HCS will implement a corrosion coupon
monitoring system, to be evaluated quarterly, as well as casing inspection logs performed every 5
years at the time of permit renewal. If plume surveys indicate it is time to recomplete uphole to a
shallower sub-section, then the tubing and packer will be removed and inspected, and a casing
inspection logging suite will be run. If abandonment of a sub-section is not warranted at the time
of permit renewal, then a thru-tubing inspection will be performed.

Sampling Methods

Corrosion coupons, made of the same material as the production casing and the injection tubing,
will be placed in the CO: injection pipeline. The coupons will be removed quarterly and assessed
for corrosion using American Society for Testing and Materials (ATSM) standards for evaluating
corrosion tests. When the coupons are removed, they will be inspected visually for any signs of
corrosion, including pitting. The weight and size of the coupons will be measured each time they are
removed. The rate of corrosion will be calculated using a weight loss method where the rate equals
the weight loss during the exposure period divided by the duration of the period.

Ground Water Quality Monitoring

Hackberry Carbon Sequestration, LLC will conduct ground-water quality and geochemical
monitoring above the confining zone to meet the requirements of SWO 29-N-6 §625.A.3 [40 CFR
§146.90(c)]. The purpose of the ground water monitoring is to detect potential changes that may
result from fluid leakage out of the injection zone.











Parameters Measured

Parameter/Analyte Frequency

Aqueous and pure phase carbon dioxide Every five years
Total dissolved solids Every five years
pH Every five years
Specific conductivity (SC) Every five years
Temperature Every five years
Density Every five years
Other parameters including major anions and cations, trace metals, Every five years

hydrocarbons, and volatile organic compounds)

Table 5- 3: Ground Water Quality Parameters Measured and Measurement Frequency

Sampling Methods
Fluid samples in the groundwater monitoring well will be collected at the monitored formation

temps and maintained at the formation pressures within a pressurized sample container to prevent
any losses of dissolved gases. Prior to sampling, the well will be purged of any fluid stored in the
well bore. Static fluid level and temperature will be measured prior to purging the well. A U-tube
sampling system will be lowered to the monitored zone via wireline or slickline and the rate of
sample collection should not exceed the rate at which the well was purged.

Analytical Methods

Water samples will be tested, and results maintained for the parameters listed above. If any
impurities exist in the injectate, they should also be tested for in the groundwater samples to detect
any concentrations beyond the baseline. Results from the samples will be maintained in an
electronic database.

Trends that may indicate fluid leakage include:

Change in Total Dissolved solids

Changing signature of major cations and anions
Increasing carbon dioxide concentration
Decreasing pH

Increasing concentration of injectate impurities
Increase concentration of leached constituents

YVVVYVYVYYVY
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» Increased reservoir pressure and/or static water levels
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Laboratory to be Used/Chain of Custody Procedures

Water samples will be sent to an EPA approved laboratory. Standard chain-of-custody procedures
will be followed, and records maintained to allow a full reconstruction of how the samples were
collected, stored and transported, including any problems encountered.

Quality Assurance and Surveillance Measures

Duplicate samples and trip blanks for QA/QC purposed will be collected and used to validate test
results and ensure samples are free of contamination.

Injectate Plume and Pressure Front Tracking
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1D and 2D Models

To determine the magnitude of changes in the CO, plume, 1D and 2D models are generated to
measure the effect on different scenarios. In this section we will explain the methodology behind
each one of these models.

Seismic surveys create a seismic wave that travels through the earth and are subsequently reflected
back to geophones that listen for these waves. The seismic waves can be created by a “shot” which
is a term that refers to explosives or other mechanical sources. A vibrator is the most common
mechanical source and is a device that uses a steel plate to pound into the earth and generate
seismic waves. Geophones are recorders that listen for the sound waves that are reflected back to
surface as seen in Figure 5-7. Specifically, they allow engineers to determine the time it takes for
seismic waves to bounce off each transition zone between formations. The differences in time
between each reflection allow for the calculation of a velocity in each formation. The variation in
sonic velocities allow for geologists to understand the lithology of the subsurface. Seismographs
are then used to store the data sent by the geophones.

vibrator truck

Lracurding truck

sandstone

limestone

Figure 5- 7: lllustration of Seismic Surveys (example is on land — the truck would be replaced by shallow-bottom boat)

1D Model
One-dimensional (1D) seismic surveys operate on the same principles as previously discussed.
Figure 5-8 shows an example of a checkshot survey which is a common method of obtaining 1D
seismic data. However, the geophones are placed vertically, along the wellbore. As the shots are
fired from surface, the geophones are able to record the seismic waves at various depths. They
provide the most accurate measures of sonic velocities of the geologic layers effected by the
construction of the wellbore. These are generally used to create more accurate two-dimensional
(2D), three-dimensional (3D), and four-dimensional (4D) surveys. 1D surveys make the assumption
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that each formation is horizontally homogeneous so they can only provide average sonic velocities.
The data from 1D surveys can also be used to correct sonic logs and generate synthetic
seismograms. Synthetic seismograms are used to predict the seismic responses of the subsurface.
Acoustic logs are a special variation of 1D seismic surveys. They use wireline sonic tools to generate
acoustic data along the wellbore. These are used for different purposes than seismic surveys, but
they can lead to a 1D understanding of the variation in velocities.

Ground Level

Borehole Working Datum

Geophones \

R L LT LT \ .

Figure 5- 8: lllustration of a Checkshot Survey
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2D Model

Following the results of the interpretation of a 1D model, a subsequent geological model is built to
reflect the two saturation cases, connate formation fluids as one case and CO; replaced fluid as the
second case.

2D seismic surveys work off the same principles as previously discussed, but they provide a picture
of a thin slice of the Earth’s crust. The geophones are instead placed in a line along the surface and
record the seismic waves as they reflect off each formation. 2D surveys require multiple lines to be
set in order to achieve the best results. They ideally set each line to be orthogonal to the strike of
a geologic structure and parallel to the dip of said structure. They provide information of various
formations, faults, and other subsurface characteristics. The intersection of multiple 2D surveys
allows for the geologist to interpret contour lines and generate geologic maps. These surveys are
cheaper and have less environmental impact than 3D surveys. 2D surveys are commonly used for
initial exploration of unexplored areas to give geologists an understanding of what formations lie
beneath the surface.

In the following example, Figure 5-10, a 2D geologic model is built to reflect the two (2) saturation
cases and VSP geometry is used as indicated. This shows how VSP technology monitors the CO;
front. In-situ log results, or open hole sonic or density logs, are inserted in the left and formation
log on the right. A weighted distance linear interpolation is used to generate the 2D P-wave model.
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Figure 5- 10: Geological Model Used for 2D Modeling for a VSP survey

An expected response using 100% water and a modeled response using CO; indicates a change of
amplitude and is interpreted that it is feasible to use VSP to monitor fluid changes with the rock for
this project as seen in Figure 5-11.
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Bottom: on the CO, Zone)

Figure 5- 11: One Shot Geometry for VSP Geometry (Top: on the Water Zone,

Processing Workflow and 4D Seismic Volume Determinations

The final interpretation from consecutive surveys will be made by observing gas volume build-ups
over time. When 1D, 2D, and 3D seismic surveys are combined with a time component, i.e. surveys
conducted at various time periods from one another (year 1, year 5, year 10, etc.), a 4D model is
produced. The 4D interpretation of a seismic survey will identify changing volumes of gas build-up
which are represented by log shifts on 1D and 2D responses or heat blooms on 3D models.
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A basic example of the workflow is illustrated in Figure 5-12.

Horizons
base
corrections

Base

Seismic

X correlation and
Predictability slices

Phase/[time shift

Shaping filter

X correlation and
Predictability slices
Residual pass

RMS Factors

Monitor

BEEEA

4D Volumes (—

I . -
Time shifts

Figure 5- 12: 4D Processing Workflow Diagram

The 3D model of the horizon is generated from the base survey and every subsequent survey
conducted generates a reflection differential which is mapped on the 3D model to determine plume
geometry. This process is repeated to show time-lapsed growth or development of the injectate

plume.

All the seismic volumes will be processed with same software and for each of the workflow steps
below and will be used for consistency. The following figure, is an example of output from the 4D

processing workflow.
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Figure 5- 13: Example of 4D Model (shows time-lapsed gas-replacement of connate fluids)

Inversion Workflow

Baseline surveys will be inverted using post-stack seismic volumes, well log data and a structural
model to generate the basic low component model. Subsequent monitor surveys will use the same
low component and residual corrections for consistency and the detection of changes over time.
These changes over time will be assumed to be due to the injection activities.
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Figure 5- 14: Baseline and subsequent VSP used to determine difference in amplitude attributed to CO; injection as measured from
the injector well Itself. Estimation of plume growth over time in plot on the right.

Baseline Survey

The importance of a quality baseline survey cannot be stressed. This represents the only opportunity
to capture an image of the reservoir before any perturbation of the reservoir occurs due to injection
or offset activity (man-made or natural). Without the baseline survey no interpretation of formation
changes can be made. Any errors made in the construction of the baseline image will impair
sensitivity and interfere with the sensitivity to which formation changes can be made. Further, the
size of the baseline survey determines the extent to which plume can be measured. Given
uncertainty in our reservoir models, it is important to acquire a baseline survey with sufficient extent
to provide utilization in the event the initial reservoir models are not accurately predicting the plume
migration.
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An example of a 4D time-lapse model is shown below visualized in 3Dimensional space with analysis
software. Each horizon can be displayed along with a color code for differences in amplitude over
time.

Figure 5- 15: Example of a 4D Output

Equipment Design and Setup
The equipment proposed in this section will be used in the periodic surveys to determine CO; plume
growth over time.

Wellbore Overview
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Equipment Overview
The next section deals with the hardware setup and briefly discusses the use of in-situ monitoring
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Ambient Reservoir Monitoring Technology Overview

Ambient Reservoir Monitoring (ARM) uses a proprietary, patented process based on a signal process
known as Streaming Depth Imaging (SDI) to image the intensity and distribution of weak acoustic
emissions from reservoir depths. This process starts with a recording of passive seismic data from
an array of geophones at the surface or near-surface and uses a modified Kirchhoff migration
processing algorithm and a semblance computation to detect the presence of long duration low
amplitude seismic emissions coming from depth. This technology was originally developed to
monitor the large signals associated with hydraulic fracturing in unconventional oil and gas resource
plays but was later shown to be effective at imaging lower amplitude signals from water flood and
gas injections, hydrocarbon production, and even signals associated with water intrusions into
mines.

In a 2017 article in the SEG Leading Edge magazine, Whiting Oil and Gas, in conjunction with ARM’s
predecessor company Global Geophysical Services, published a particularly insightful example
showing the use of SDI to image the propagation path of fluid and proppant from the horizontal well
being treated (Well 2 in Figure 5-25 below) into a second horizontal well (Well 1) while dipping under
another over pressured horizontal well positioned between them. Because the proppant contained
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a radioactive tracer this provide a rare opportunity to confirm via direct downhole measurement
that we had imaged this fluid flow pathway precisely.

b o M Lk N m‘z

e

—

Niobrara Shale

Figure 5- 25: ARM images the acoustic energy caused by fluid flow in fractures (green surfaces). In this example, we monitored the
path of the proppant from the Well 2 to 3 going below Well 1. Yellow bars show amount of proppant detected in wellbores using
radioactive tracers.

Another important distinction from this example can be made by comparing the microseismic
earthquakes (MEQ) from two frac stages recorded using a reservoir level downhole instrument (as
shown as green and red on Figure 5-25) versus the SDI results. The MEQ’s show some general
relationship to the zone being stimulated but do not provide a clear delineation of the permeable
pathway.

Other examples from ARM'’s archive show that the high pressures associated with hydraulic
fracturing are not required to create an acoustic signal that can be mapped from the surface. Figure
5-26 is an example of a water flood in Saskatchewan, Canada. The goal of the project was to
illuminate facture networks and permeable pathways in an area of tertiary oil recovery. The method
can image weak pressure changes far from a well because even very small fluid pressure changes
can induce acoustic activity (Ziv and Rubin, 2000) and the ARM method is highly sensitive. In this
study there was a large increase in acoustic emissions observed as the water injecting wells and
producing wells were activated as compared to the “quiet” state where neither injection nor
production was occurring.
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Figure 5- 26: (Left) Depth slice through the ARM images at 1421 meters depth below the processing datum of 650 meters. Colored
lines are injector wells. (Right) The same ARM image depth slice superimposed on the stacked 1 hr. of semblance

Monitoring CO; sequestration will certainly involve time lapse sequencing where the current image
can be compared to previous images recorded in the same location. The example in Figure 5-27
shows the changes in oil and production along the same horizontal well in the Eagle Ford at three
different times over a period of 3 years. In this case study the time lapse imaging shows the number
of locations and lateral extent of the fluids feeding into the wellbore decreasing over time as the
well depletes and/or the induced fractures gradually close or silt up. This example was recorded
using a shallow buried grid as we would propose for HCS CO; sequestration monitoring.

Figure 5- 27: The Stimulated Rock Volume (SRV) and two Active Production Volumes (APV) generated after two and three years of
production. (Left) Map-view slices through the volumes at the wellbore depth. (Right) Profile views of the same three volumes sliced
along the wellbore. Warm colors show high levels of activity and cool colors show lower activity levels.
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The previous two examples discussed have highlighted the use of SDI to monitor the movement of
fluids laterally, i.e., in the X or Y direction in our 3D image volumes. In the next example we
specifically show how our images have been used to monitor vertical containment for injected
fluids. In a case study conducted in the Appalachian Basin in West Virginia our technology was used
to measure the vertical upward extent of the fluids injected during a nitrogen frac into four stacked
laterals. In this area the regulators were worried about the potential for the frac fluid to move into
shallow aquafers or even to the surface. However, our image illustrates a clear containment of
acoustic energy below the Maxton Sandstone cap rock and no “break-throughs” in containment.

Figure 5- 28: Frac energy was kept below the Maxton formation and thus did not enter the aquifer
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Ambient Reservoir Monitoring Processing Methodology
ARM utilizes patented streaming depth imaging (SDI), based on a modified version of Kirchhoff

migration, to image the intensity and distribution of weak seismic signals emitted from reservoir
depths. SDI captures low-amplitude signals that are continuous for longer time durations (Sicking
et al., 2014, 2015). Imaging these very weak signals requires the use of high-quality trace filtering to
suppress noise (Sicking et al., 2016). The objective of the processing is to suppress reflectivity noise
and surface-wave noise without modifying the phase of the signal waveforms that are emitted at
depth and travel to the receivers at the surface. The most important processing steps include
cepstral filtering, median filtering, and low-cut frequency bandpass. The processing is designed to






preserve signal in the 15 to 50 Hz frequency domain, important for transmission of seismic waves in
the earth (Woodburn et al., 2012), and this frequency band has the highest signal transmission.
The trace-processing workflow preserves this frequency band without phase distortion in the
waveforms. Preserving waveform phase is important for SDI performance because the seismic
waves generated from the same location at different times will have different waveforms. Summing
the images over longtime intervals requires that the signals from the same location stack up to build
the signal-to-noise ratio. Knowing the bandwidth of the signals generated at depth is not as
important as knowing the bandwidth of the signal that arrives at the receiver grid.

Traditional seismic methods first identify that a seismic event occurred and then locate and measure
that event. SDI assumes that each point in time and space in the model is a potential seismic source.
To image the signal, it is streamed through the SDI algorithm using one-way travel times to
sequentially move out the trace data as if there were a seismic source at each voxel. For each time
step, the coherence (semblance) of the moved-out traces is calculated.

Coherence is a measure of the similarity between traces. The higher the coherence, the more likely
that there was seismic activity in that voxel during that time window. A genuine seismic emission
will result in the same waveform being received at many receivers, while noise will be less coherent
across receivers if surface and reflectivity noise have been removed properly. After filtering, the
coherent arrival is visible in both the trace data and in the coherence volume. Further detailed
discussion of how the trace processing affects the image is available in Sicking et al. (2016).

The sources at each voxel emit energy multiple times over the time window of recording. These
emissions tend to be of a very low amplitude, but the energy accumulates over time, revealing the
locations of the active fractures. The images from each of the time steps are summed into a three-
dimensional image of the subsurface. This coherence volume is processed further to generate
detailed fracture image volumes.
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Figure 5- 37: Workflow for one-way travel time depth migration. After trace processing and velocity model building and calibration,
the traces are depth migrated for each time window and each depth voxel for the time interval that will be summed; fj; is the trace
amplitude.

Fracture networks are extracted from the coherence volume based on a physical model of fracture
damage zones. Seismic energy is not evenly distributed in the earth’s crust but is preferentially
released on fracture/fault surfaces and in damage zones surrounding these surfaces. Fracture
mechanics predict that stress concentrations are associated with fractures.

In work related to our ARM seismic method, Tary et al. (2012) [10] compute continuous time-
frequency transforms that highlight signals that have time-varying resonance frequencies. They
conclude that these signals are the result of resonance in fluid-filled fractures or, alternatively,
successions of very small repetitive seismic events along the fractures. They note that there is a
direct correspondence between variations in the injection rate and the combined energy emitted.
If a fluid-filled fracture is growing, the opening and shearing can initiate the Krauklis waves on the
fracture surfaces and they are influenced by the fracture fluid and the surrounding rock. The waves
travel along the fracture surfaces, quickly interfering to produce a modal/harmonic resonance of
the whole fluid, fracture surface, and surrounding rock system. Recent research on the source of
fracture seismic signals has put the fracture seismic method on a solid theoretical and practical base
(e.g., Tary et al., 2014 [3]; Liang et al., 2017) [22]. It has now been applied to dozens of field projects.
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SECTION 6 — INJECTION WELL PLUGGING PLAN
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Introduction

This Injection Well Plugging plan for Hackberry Carbon Sequestration Well No. 001 was prepared to
meet the requirements of SWO 29-N-6, §631 [40 CFR §146.92]. Section 6 only provides a general
description of the steps that will be taken to plug and abandon the planned stages of well
development through final abandonment. Complete plugging and abandonment prognoses have
been included in Appendix J of this application.

Zonal Isolation of Injection Zone / Intermediate Plugback Plan

T

he general procedure

for zonal isolation will include:

Pre-Plugging Activities
1. Hackberry Carbon Sequestration, LLC will comply with all reporting and notification
provisions.
a. EPA UIC Program Director will be notified 60 days in advance of planned plugging
efforts. [40 CFR §146.92(c)]
b. Notice of Intent to Plug will be communicated to the LDNR by submitting Form UIC-
17 with detailed plans. [SWO 29-N-6 §631.A.4]

3. External mechanical integrity will be demonstrated through approved temperature logging
methods described in Section 5 — Testing & Monitoring Plan. [SWO 29-N-6 §631.A.2; 40 CFR
§146.92(a)]

Casing inspection and cement bond logs will be performed prior to plugging.

P















Final Plugging and Abandonment

Pre-Plugging Activities
1. Hackberry Carbon Sequestration, LLC will comply with all reporting and notification
provisions.
a. EPA UIC Program Director will be notified 60 days in advance of planned plugging
efforts. [40 CFR §146.92(c)]
b. Notice of Intent to Plug will be communicated to the Louisiana DNR by submitting
Form UIC-17 with detailed plans. [SWO 29-N-6 §631.A.4]

3. External mechanical integrity will be demonstrated through approved temperature logging
methods described in Section 5 — Testing & Monitoring Plan. [SWO 29-N-6 §631.A.2; 40 CFR
§146.92(a)]

4. The injection well will be flushed with a buffer fluid prior to pulling injection tubing and

packer. [SWO 29-N-6 §631.A.2; 40 CFR §146.92(a)]

All uncemented, non-permanent components of the well will be removed.

Casing inspection and cement bond logs will be performed prior to plugging.

& tn

Plugging Activities
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Monitor Well Plugging and Abandonment

Once monitoring of ground water is no longer needed, the monitoring wells will be plugged and abandoned
following Louisiana state guidelines. The details regarding the use of the monitoring wells are discussed in
Section 5. Ensuring the protection of the USDW is of paramount importance in this project. The plugging
of the monitoring wells will ensure that existing pathways and exposure to the USDW is restricted. The

plugging process for these wells is as follows:
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SECTION 7 — POST-INJECTION SITE CARE AND SITE CLOSURE PLAN

This Post-Injection Site Care and Site Closure Plan (“PISC”) for the Hackberry Carbon Sequestration Well No.
001 was prepared to meet the requirements of SWO 29-N-6, §633 [40 CFR §146.93]. The plan describes
various activities that will occur once injection has ceased and during the site closure once it is demonstrated
that no additional monitoring is needed to ensure that this project does not pose a further endangerment to
the USDW.
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Post-Injection Pressure Differentials

To meet the requirements of SWO 29-N-6 §633.A.1.b [40 CFR §146.93(a)(2)], the following table shows the
expected pressure differential between pre-injection and post-injection pressures in the injection zone, as
determined by the plume model described in Section 2.
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Post-lnjection Monitoring Plan

As required by SWO 29-N-6 §633.A.2 [40 CFR §146.93(b)], HCS will continue to monitor the site until the
project no longer poses an endangerment to USDWs.

Post-Injection Monitoring Activities

During the monitoring period, the testing and monitoring activities as described in Section 5 will be
performed and reported at the frequency shown in Table 2.
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Groundwater Monitoring Well Every five years Within 30 days after data
Geochemical Analysis collection and analysis
Injection Well Pressure and Continuously Annually

Temperature monitoring

Direct Plume and Pressure Annually Within 30 days after data
Front Monitoring (VSP) collection and analysis
Indirect Plume Calculations Annually Annually

based on Pressure and
Temperature data

Table 7- 2: Post-Injection Monitoring and Reporting Frequency

All testing and monitoring activities listed will be performed and analyzed as discussed in Section 5, including
QA/QC measures.

Demonstration of Non-Endangerment of USDW

Prior to the approval of the site closure authorization, HCS will provide documentation that the USDW wiill
not risk further endangerment from the CO2 plume, as required by SWO 29-N-6 §633.A.3 [40 CFR
§146.93(c)]. HCS will submit a report to the UIC Director demonstrating the non-endangerment of the USDW
including site-specific conditions, updated plume model, predicted pressure decline within the injection zone
and any updates to the underlying geological assumptions used in the original model.

Site Closure Plan

To meet the requirements of SWO 29-N-6 §633.A.3 [40 CFR §146.93(e)], the following site closure activities
will be performed. These activities include removal of surface equipment, plugging of all wells, site
restoration and submittal of final site closure reports.

Pre-Closure
Notice of intent to close the site will be submitted to the UIC Director at least 120 days prior to closure
operations. If any changes have been made to the original Post-Injection Site Care and Site Closure Plan, a

revised plan must also be submitted. Relevant notifications and applications, such as plugging requests, must
be submitted and approved by the appropriate agency prior to commencing such activities.

Plugging Activities

The Hackberry Carbon Sequestration Well No. 001 and the ground water monitoring wells, HCS Monitor Well
Nos. 001-003, will be plugged as discussed in Section 6. The Plug and Abandonment procedures are designed
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to prevent migration of CO2 or formation fluids in the injection interval from migrating to the USDW. Prior
to plugging the wells, the mechanical integrity of these wells will be determined by an Annulus Pressure Test,
casing inspection log, temperature log as well as a pressure fall-off test as described in Section 5. Plugging
schematics and procedures are provided in Appendix J.

Site Restoration

Once the injection well and monitoring well are plugged and capped below grade, all surface equipment will
be decommissioned and removed from the site.

Documentation of Site Closure

Within ninety (90) days of site closure, a final report must be submitted to the UIC Director, per requirements
SWO 29-N-6 §633.A.6 [40 CFR §146.93(f)], and will include the following:

> Documentation of appropriate injection and monitoring well plugging, including copy of the survey
plats

> Documentation of well-plugging report to LADNR

> Records of the nature, composition and volume of the CO2 stream over the injection period

A record of notation in the facility property deed will be added to provide, in perpetuity, any potential
purchaser of the property the following information:

» The fact the land was used to sequester carbon dioxide

» The name of the State agency (LADNR) with which the survey plat was filed and the EPA and or State
Agency to which it was submitted

» The total volume of fluid injected, the injection zones into which it was injected and the period over
which injection occurred

HCS will retain all records collected during the post-injection site care period for 10 years following site

closure. At the end of the retention period, HCS will deliver all records to the UIC Director, which will
thereafter be retained at a location designation by the Director for that purpose.
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Post-Injection Pressure Differentials

To meet the requirements of SWO 29-N-6 §633.A.1.b [40 CFR §146.93(a)(2)], the following table shows the
expected pressure differential between pre-injection and post-injection pressures in the injection zone, as
determined by the plume model described in Section 2.
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Post-lnjection Monitoring Plan

As required by SWO 29-N-6 §633.A.2 [40 CFR §146.93(b)], HCS will continue to monitor the site until the
project no longer poses an endangerment to USDWs.

Post-Injection Monitoring Activities

During the monitoring period, the testing and monitoring activities as described in Section 5 will be
performed and reported at the frequency shown in Table 2.
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Groundwater Monitoring Well Every five years Within 30 days after data
Geochemical Analysis collection and analysis
Injection Well Pressure and Continuously Annually

Temperature monitoring

Direct Plume and Pressure Annually Within 30 days after data
Front Monitoring (VSP) collection and analysis
Indirect Plume Calculations Annually Annually

based on Pressure and
Temperature data

Table 7- 2: Post-Injection Monitoring and Reporting Frequency

All testing and monitoring activities listed will be performed and analyzed as discussed in Section 5, including
QA/QC measures.

Demonstration of Non-Endangerment of USDW

Prior to the approval of the site closure authorization, HCS will provide documentation that the USDW wiill
not risk further endangerment from the CO2 plume, as required by SWO 29-N-6 §633.A.3 [40 CFR
§146.93(c)]. HCS will submit a report to the UIC Director demonstrating the non-endangerment of the USDW
including site-specific conditions, updated plume model, predicted pressure decline within the injection zone
and any updates to the underlying geological assumptions used in the original model.

Site Closure Plan

To meet the requirements of SWO 29-N-6 §633.A.3 [40 CFR §146.93(e)], the following site closure activities
will be performed. These activities include removal of surface equipment, plugging of all wells, site
restoration and submittal of final site closure reports.

Pre-Closure
Notice of intent to close the site will be submitted to the UIC Director at least 120 days prior to closure
operations. If any changes have been made to the original Post-Injection Site Care and Site Closure Plan, a

revised plan must also be submitted. Relevant notifications and applications, such as plugging requests, must
be submitted and approved by the appropriate agency prior to commencing such activities.

Plugging Activities

The Hackberry Carbon Sequestration Well No. 001 and the ground water monitoring wells, HCS Monitor Well
Nos. 001-003, will be plugged as discussed in Section 6. The Plug and Abandonment procedures are designed
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to prevent migration of CO2 or formation fluids in the injection interval from migrating to the USDW. Prior
to plugging the wells, the mechanical integrity of these wells will be determined by an Annulus Pressure Test,
casing inspection log, temperature log as well as a pressure fall-off test as described in Section 5. Plugging
schematics and procedures are provided in Appendix J.

Site Restoration

Once the injection well and monitoring well are plugged and capped below grade, all surface equipment will
be decommissioned and removed from the site.

Documentation of Site Closure

Within ninety (90) days of site closure, a final report must be submitted to the UIC Director, per requirements
SWO 29-N-6 §633.A.6 [40 CFR §146.93(f)], and will include the following:

> Documentation of appropriate injection and monitoring well plugging, including copy of the survey
plats

> Documentation of well-plugging report to LADNR

> Records of the nature, composition and volume of the CO2 stream over the injection period

A record of notation in the facility property deed will be added to provide, in perpetuity, any potential
purchaser of the property the following information:

» The fact the land was used to sequester carbon dioxide

» The name of the State agency (LADNR) with which the survey plat was filed and the EPA and or State
Agency to which it was submitted

» The total volume of fluid injected, the injection zones into which it was injected and the period over
which injection occurred

HCS will retain all records collected during the post-injection site care period for 10 years following site

closure. At the end of the retention period, HCS will deliver all records to the UIC Director, which will
thereafter be retained at a location designation by the Director for that purpose.
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SECTION 8 — EMERGENCY AND REMEDIAL RESPONSE PLAN

This Emergency and Remedial Response plan for Hackberry Carbon Sequestration Well No. 001 was
prepared to meet the requirements of SO 29-N-6, §623 [40 CFR §146.94]. The plan describes
potential adverse events that could occur in the development, operation and post-closure phases
of the project and the actions to be taken in the event of such an emergency. This plan will be
reviewed and updated annually. Any change in key personnel will also cause the Plan to be updated
immediately.
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Resources/Infrastructure in AOR

Infrastructure/Resource-Specific Events and Response Plans

The following scenarios represent a high-level concept of potentially significant adverse events,
methods of prevention and detection and likely remedial responses. The likely responses are not
intended to be exhaustive in nature. Each situation will be evaluated based on the specific event,
using best engineering practices.

Event Description — Well blowout

This event could occur during wellbore drilling if unexpected changes in reservoir pressures cause a
sudden release of hydrocarbons.

Risk Level: Low

Prevention and Detection:
e Maintain appropriate mud weights as expected for the area based on offset well data
e Monitor rate of drilling fluid returns versus rates pumped, penetration rates, pump
pressures, etc.

Potential Response Actions:
e Stop drilling
e Close the blowout preventer; insert rams into the well.
e Read and record stabilized shut-in pressures
e Stop injection and notify the UIC Program Director within 24 hours.
e Kill the well by pumping fluid down the wellbore that is heavier than the current fluid until
the well stops flowing.

Response Personnel: Onsite drilling personnel and supervisors.

Equipment: Drilling rig, mud logging equipment, blowout preventers with annular rams, drilling fluid
materials to increase mud weight adequately.
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Event Description — Spill

This event could occur during the drilling of the wellbore due to an accidental release of drilling
fluids, hydrocarbons, chemicals, etc. during drilling and completion or workover operations.

Risk Level: Medium

Prevention and Detection:
e Properly maintained blowout preventers to prevent accidental release of drilling fluids or
hydrocarbons
e Spill prevention equipment on drilling or workover rig

Potential Response Actions:
e Contain spill using available equipment such as absorbents, booms, etc.
e Notify appropriate regulatory authority and supervisory personnel
e |Immediately take samples around the point of entry
e |Initiate Spill Prevention, Control and Countermeasures Plan for facility

Response Personnel: Drilling/workover crews or operations personnel.
Equipment: Absorbents, containment equipment
Event Description — CO, Migration

This event could occur if the plume reaches faults or fractures that allow CO, migration into another
zone, including the USDW, or to the surface. Failure of the confining zone could also cause CO, to
migrate.

Risk Level: Medium

Prevention and Detection: The CO, plume will be monitored as described in the Testing and
Monitoring Section.

Potential Response Actions:

e Cease injection immediately and notify the UIC Program Director within 24 hours.

e Use Ambient Reservoir Monitoring system and/or Vertical Seismic Profile system to assess
location and degree of CO, movement, as described in the Testing and Monitoring Plan.

e Resume injection, if able, at a reduced rate.

e Continue monitoring of plume at a more frequent interval to determine if migration
continues.

e If groundwater/USDW is impacted:

- Pump carbon dioxide-contaminated groundwater to the surface and aerate it to
remove carbon dioxide.
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Apply “pump and treat” methods to remove trace elements.

Drill wells that intersect the accumulations in groundwater and extract carbon
dioxide.

Provide an alternative water supply if ground water-based public water supplies are
contaminated.

If CO, plume is detected above the Upper Confining Interval but below the base of the

USDW:

Cease injection immediately and notify Director within 24 hours.

Conduct investigation to determine the most probable source of the leak.

Repair source of leak if possible.

Conduct a revised area of review for artificial penetrations that could be impacted by
the CO; plume at the newly detected depth.

If required, develop a corrective action plan to address any artificial penetrations
identified.

If leak has been repaired, notify Director when injection can be expected to resume.

If surface water is impacted:

Shallow lakes will quickly release dissolved carbon dioxide back into the atmosphere.
Create a hydraulic barrier by increasing reservoir pressure upstream of the leak.

If the plume continues to migrate out of the zone or beyond the expected plume extent,
recomplete up hole into the next planned injection interval.

Event Description — Loss of Mechanical Integrity

This event could occur due to failure of cement behind the casing, improperly seated packer or
tubing leak.

Risk Level: Medium

Prevention and Detection: Proper wellbore design, including proper cement and metallurgy of the
casing and tubing will be implemented in the construction phase. Pressure and rate monitoring,
pressure fall-off tests, annulus pressure tests, etc., will all be performed per the Testing and
Monitoring Plan.

Potential Response Actions:

Stop injection and notify the UIC Program Director within 24 hours.

Close wellhead valve.

Monitor well and annulus pressures.

Determine the cause and severity of failure to determine if any release of the CO, stream or
formation fluids may have been released into any unauthorized zone.

Pull and replace the tubing or the packer.

Install chemical sealant barrier and or attempt cement squeeze to block leaks.
Demonstrate Mechanical Integrity per the methods discussed in Section 5.

Notify the Director when injection can be expected to resume.
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Accidents/Unplanned Events (Typical Insurable Events)

Unforeseen events may occur while operating the Hackberry Storage Project, such as surface
infrastructure damage, pipeline leak, compressor failure, animal damage, and weather-related
events.

Risk Level: Medium

Prevention and Detection:

Equipment will be maintained regularly to prevent or minimize damage. Damage prevention
infrastructure will be installed, and markers will be placed to alert the public of potential hazards.
The markers will include the name of the operator and telephone number. Barricades will be
installed to prevent accidental damage to equipment or animals from entering the facility. Weather
will be continuously monitored, and during a possibility of an adverse event, precautions will be
taken to limit the potential impact.

Potential Response Actions:
e Stop the injection and notify the Program Director within 24 hours.

e Activate the downhole safety valve if necessary.
e Determine the cause and severity of the failure and initiate repairs.
e Demonstrate mechanical integrity per the methods discussed in Section 5.
e Notify the Director when injection can be expected to resume.
Training:

Personnel responsible for implementing this plan shall be trained on their duties and responsibilities
related to these facilities during annual on-site and/or table-top training exercises. All plant
personnel, visitors, and contractors must attend a Plant overview orientation before obtaining
permission to enter any of the Facilities. A refresher course on this training is required annually.

Before starting CO; injection operations, Hackberry Carbon Sequestration, LLC will provide a copy
of the Emergency Response plan to local first responders and discuss potential response scenarios.

Communications Plan and Emergency Notification Procedures:

Emergency response contacts:

Cameron Parish Fire Department 911 or (337) 775-7511





Cameron Parish Sheriff 911 or (337) 775-5111

Cameron Parish Health Unit (337) 775-5368
Cameron Parish Office of Emergency Preparedness (337) 775-7048
Louisiana Emergency Preparedness Office (225) 925-7500
Louisiana State Police (337) 491-2511
Louisiana State Police — Hazardous Material Hotline (225) 925-6595

Table 8- 1: Emergency Services — CALL 911

Agency Telephone Number
Environmental Protection Agency Region 6 (214) 665-2200
Class VI Contact (214) 665-8473
Louisiana Department of Natural Resources (225) 342-5515
Injection Well Incidents (225) 342-5515
Cameron Parish Local Emergency Planning (337)-775-7048

Committee (LEPC)

National Response Center (NRC) (800) 424-8802

Louisiana State Police — Hazardous Material Hotline (225) 925-6595
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As appropriate, Hackberry Carbon Sequestration, LLC will communicate with the public regarding
events that require an emergency response, including the impact of the event on drinking or the
severity of the event, actions taken or planned, etc.

Flood risk

Emergency Response Plan Review and Updates

This Emergency Response Plan will be reviewed and updated annually. Any amendments to the plan
must be approved by the Director and will be incorporated into the permit. This plan will also be
reviewed and submitted to the Director within one year of an area of review evaluation; following
any significant changes to the facility, such as addition of injection or monitoring wells; change in
personnel; or when required by the Director.
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Request for Additional Information

[GCS Hackberry (R06-LA-0007)] - [Request #A-2]

Instructions: Populate the “Response” column with answers/responses to each comment/question below, then upload the completed responses to Field
#3 in the “Information Requests” reporting module of the GSDT. If necessary, upload attachments or references in Field #4 of the module and/or update
information within other GSDT modules. To allow reviewers to quickly locate and review changes/updates, clearly identify the location within the
application where edits for each response were made (e.g., Site Characterization, Section 2.7.4, p. 53, updated paragraph 2).

Item
#

Associated
Regulation(s)

Comment/Question

Response

Plugging Plan

40 CFR
146.92(b)(3) -
(6);

Background: The plug details are summarized in Tables 6-2 and 6-3,
comprisin in the final plugging and abandonment procedure. A
detailed plugging schematics is provided as Figure 6-2, which matches the
tables. However, the plugging schematics and procedures detailed in
Appendix J do not match what is in the Plugging Plan section.

Appendix J-4 is the Final P&A Procedure. The firs
are close to Figure 6-2 in the Plugging Plan section, although the depths they
are set at are inconsistent -- the depths differ various amounts
when Figure 6-2 is compared to Appendix J-4. These values should be the
same.

There is an additional step in Appendix J-4 compared to Figure 6-2 and the
procedures in the Plugging Plan section
|_ The schematics and procedures detailed in
Appendix J reflect a process involving-, instead of th- detailed
in the Plugging Plan section.
Comment: Please make any necessary updates to Tables 6-2 and 6-3, Figure
6-2, the narrative in the Plugging Plan section, and Appendix J to have all
sections reflect the full plugging plan procedure.

Believe that EPA is looking at the wrong version of Appendix
J. Will make sure they look at the correct document for both
Section 6 and all associated Appendix J documents.

Reference documents attached to this response.

40 CFR
146.92(b)

Background:
In the Post Injection Site Care and Closure Plan section, it is written: “The

Hackberry Carbon Sequestration Well No. 001 and the ground water
monitoring well, HCS Monitor Well No. 001, will be plugged as discussed in
Section 6.”

Resolved.

Monitoring well schematic and plugging procedure added to
Section 6.
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Item | Associated .
# |Regulation(s) Comment/Question Response
Comment: Because improperly abandoned monitoring wells may become
conduits for fluid movement into, the EPA recommends that operators plug | In addition to this comment, it was observed that the
their monitoring wells in a manner similar to that used to meet the Ground Water Monitoring Well completion schematic was
requirements for injection well plugging. We recommend explicitly describing | not properly referenced in Section 5. A comment referring
the plugging procedure for the monitoring well and including a schematic. the reader to appendix H has been included in Section 5,
leading the reader to the appropriate wellbore completion
schematic.
EMERGENCY RESPONSE
40 CFR 146.94 |Background: In the event of CO2 migration beyond the permitted injection Resolved.
and confining zones, the applicant plans to “lower injection rates or stop the
injection and notify the UIC director within 24 hours.” Section 8 language updated to reflect clear plan of ceasing
3 injection during this event.
Comment: 40 CFR 146.94(b)(i) requires the immediate cessation of injection
upon obtaining evidence that injection may pose a risk to USDWs. Please
update the language to clearly reflect the required cessation of injection
during such an event.
40 CFR 146.94 |Background: Due to its location , the proposed injection | Resolved.
site is identified
Section 8 updated to include plan for “Accidents/Unplanned
Events” which includes flooding (weather-related) events.
4 Comment: 40 CFR 146.94 indicates that the provided plan must include
actions to be taken by the owner and operator in response to all emergencies.
The plan should be updated to reflect the fact that the potential wellbore is
Iocated_ The updated plan should include site
specific emergencies and responses (What potential risks could cause
negative impacts How will response to each emergency
vary due to the of the wellbore?)
40 CFR 146.94 |Background: The full Emergency Operations Plan is included in Appendix I-3. | Applicant intends to contract with Cudd Energy Services to
The document provides detailed instructions to be utilized in case of prepare a site specific Emergency Response Plan / Blowout
= emergency. Contingency Plan (ERP/BCP[EOP]) . The written ERP/BCP will
be completed and filed prior to Order to Inject issuance.
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Comment: The applicant must provide a site/facility specific Emergency
Operations Plan. Please update the EOP to provide pertinent details regarding
this specific project as it appears that this plan is in reference to another
facility.

Added to Appendix K.

Well Control Emergency Response Planning | Cudd
Well Control

146.85(a)(2)(ii),
40 CFR 146.91
(a)(7), 40 CFR
146.93(a), 40
CFR 146.93(b)

FINANCIAL RESPONSIBILITY
40 CFR Background: The applicant estimates the costs of post injection site care and | Resolved.

site closure to be The EPA cost estimate tool, which projects a
range of costs based on parameters defined within the Class VI application,
establishes a range of $1,860,000 to $3,648,000. EPA Cost Estimate Tool
estimates costs incurred ground-water monitoring on an annual basis, while
the applicant plans on ground-water monitoring sampling which takes place
eve
monitoring, EPA guidance recommends post injection groundwater sampling
take place at the same duration as during the injection phase (quarterly).
Following injection, 40 CFR 146.91(a) requires that sampling take place on a
“semi-annual” basis. A new sampling frequency may be established based on
substantial evidence that the geologic sequestration project no longer poses a
risk to the endangerment of USDW’s [40 CFR 146.93(b)(2)]. If the applicant is
not able to demonstrate USDW stability, guidance recommends that injection
take place on a quarterly basis.

Comment: The applicant should generate new estimates related to USDW
monitoring that take into consideration a higher frequency of sampling. The
EPA Cost Estimate Tool assumes annual sampling, but the applicant should be
prepared to undergo sampling at a higher frequency.

While regulations do not specify the frequency of post injection |

PISC & Closure total costs increased from_

Post injection Monitoring item cost increased from

40 CFR
146.85(a)(2)(ii),
40 CFR 146.91
(a)(7), 40 CFR
146.93(a), 40
CFR 146.93(b)

Background: The EPA cost estimate tool assumes that the testing and
monitoring activities taking place under 40 CFR 146.90 and 40 CFR 146.93 will
incur operation and maintenance costs.

Comment: EPA recommends the applicant update their cost estimate to
include costs incurred by the operation and maintenance of USDW
monitoring wells.

Resolved.

Post-Injection Monitoring costs have been increased from

40 CFR
146.90(d)

Background: The applicant’s costs for post injection site care and site closure
are estimated under the assumption that a single monitoring well meets the
requirements of 40 CFR 146.90(d).

Resolved.
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Comment: EPA recommends that the applicant update their cost estimates |
based on a multi-well monitoring network.

have been added to the
proposed monitoring section (Section 5).

A resulting increase in Post-Site Care Closure costs have

been included to accommodate_

The following Sections have been updated to address this
comment: 5, 6, & 10.

40 CFR
146.85(a)(2)(iv),
40 CFR 146.94

Background: The applicant estimates costs for Emergency and Remedial
response to be while the EPA cost estimate tool allocates a range
of $16,990,000 and $106,977,000. The applicant did not include an itemized
list of costs, making this portion of the application difficult to analyze.

Applicant intends to contract with Collier Consulting to
prepare an Emergency and Remedial Response Plan to
address a potential unforeseen releases of stored fluid
which may impact groundwater resources. This written plan

9 will be completed and filed prior to Order to Inject issuance.
Comment: Please provide an itemized third-party cost estimate for the
activities associated with groundwater remediation that are described in the | A planned work scope is included in Appendix L.
Emergency and Remedial Response Plan.

40 CFR 146.94 |Background: Scenario 1 of the Emergency and Remedial Response portion of |Resolved.
the application includes potential migration of injected fluid outside of the
proposed injection and confining zone. In response to this scenario, the Added description in Section 8 for event: migration above
applicant plans to amend the permit to include the zones into which the fluid | UCL, but below USDW.
has migrated.
In Section 10, increased costs for “Release into Outside

Comment: Although not specified by regulations, this plan may not be the Zone” from_

10 appropriate response. 40 CFR 146.94(a) indicates that “the requirement to

maintain and implement an approved plan is directly enforceable regardless
of whether the requirement is a condition of the permit.” Please provide an
itemized third-party cost estimate for the “Potential Response Actions” under
“CO2 Migration” in the “Emergency and Remedial Response Plan” portion of
the application that provides detailed actions in response to the migration of
CO2 outside of the targeted injection zone.
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Request for Additional Information
[GCS Hackberry (R06-LA-0007)] - [Request #A-2]

Instructions: Populate the “Response” column with answers/responses to each comment/question below, then upload the completed responses to Field
#3 in the “Information Requests” reporting module of the GSDT. If necessary, upload attachments or references in Field #4 of the module and/or update
information within other GSDT modules. To allow reviewers to quickly locate and review changes/updates, clearly identify the location within the
application where edits for each response were made (e.g., Site Characterization, Section 2.7.4, p. 53, updated paragraph 2).

Item | Associated

. Comment/Question Response
# |Regulation(s) /Q P
Plugging Plan

40 CFR Background: The plug details are summarized in Tables 6-2 and 6-3,

146.92(b)(3) - | comprising 8 plugs in the final plugging and abandonment procedure. A

(6); detailed plugging schematics is provided as Figure 6-2, which matches the

tables. However, the plugging schematics and procedures detailed in
Appendix J do not match what is in the Plugging Plan section.

Appendix J-4 is the Final P&A Procedure. The first four bridge plug placements
are close to Figure 6-2 in the Plugging Plan section, although the depths they
are set at are inconsistent -- the depths differ various amounts less than 100’
when Figure 6-2 is compared to Appendix J-4. These values should be the
same.

There is an additional step in Appendix J-4 compared to Figure 6-2 and the
procedures in the Plugging Plan section: "Circulate nine (9) 500-foot cement
plugs from 4,500’ back to surface." The schematics and procedures detailed in
Appendix J reflect a process involving 14 plugs, instead of the 8 plugs detailed
in the Plugging Plan section.

Comment: Please make any necessary updates to Tables 6-2 and 6-3, Figure
6-2, the narrative in the Plugging Plan section, and Appendix J to have all
sections reflect the full plugging plan procedure.

40 CFR Background:

146.92(b) In the Post Injection Site Care and Closure Plan section, it is written: “The
2 Hackberry Carbon Sequestration Well No. 001 and the ground water
monitoring well, HCS Monitor Well No. 001, will be plugged as discussed in
Section 6.”
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Item

Associated
Regulation(s)

Comment/Question

Response

Comment: Because improperly abandoned monitoring wells may become
conduits for fluid movement into, the EPA recommends that operators plug
their monitoring wells in a manner similar to that used to meet the
requirements for injection well plugging. We recommend explicitly describing
the plugging procedure for the monitoring well and including a schematic.

EMER

GENCY RESPONSE

40 CFR 146.94

Background: In the event of CO2 migration beyond the permitted injection
and confining zones, the applicant plans to “lower injection rates or stop the
injection and notify the UIC director within 24 hours.”

Comment: 40 CFR 146.94(b)(i) requires the immediate cessation of injection
upon obtaining evidence that injection may pose a risk to USDWs. Please
update the language to clearly reflect the required cessation of injection
during such an event.

40 CFR 146.94

Background: Due to its location within a water body, the proposed injection
site is identified “as FEMA flood hazard Zone VE, which corresponds to an
area within the one-percent annual change flood event with additional
hazards due to storm-induced velocity wave action. Floodplain management
standards apply.”

Comment: 40 CFR 146.94 indicates that the provided plan must include

actions to be taken by the owner and operator in response to all emergencies.

The plan should be updated to reflect the fact that the potential wellbore is
located at the bottom of a water body. The updated plan should include site
specific emergencies and responses (What potential risks could cause
negative impacts to the water body? How will response to each emergency
vary due to the underwater location of the wellbore?)

40 CFR 146.94

Background: The full Emergency Operations Plan is included in Appendix I-3.
The document provides detailed instructions to be utilized in case of
emergency.
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Comment: The applicant must provide a site/facility specific Emergency
Operations Plan. Please update the EOP to provide pertinent details regarding
this specific project as it appears that this plan is in reference to another
facility.

FINAN

CIAL RESPONSIBILITY

40 CFR
146.85(a)(2) (i),
40 CFR 146.91
(a)(7), 40 CFR
146.93(a), 40
CFR 146.93(b)

Background: The applicant estimates the costs of post injection site care and
site closure to be $1,425,000.00. The EPA cost estimate tool, which projects a
range of costs based on parameters defined within the Class VI application,
establishes a range of $1,860,000 to $3,648,000. EPA Cost Estimate Tool
estimates costs incurred ground-water monitoring on an annual basis, while
the applicant plans on ground-water monitoring sampling which takes place
every 5 years. While regulations do not specify the frequency of post injection
monitoring, EPA guidance recommends post injection groundwater sampling
take place at the same duration as during the injection phase (quarterly).
Following injection, 40 CFR 146.91(a) requires that sampling take place on a
“semi-annual” basis. A new sampling frequency may be established based on
substantial evidence that the geologic sequestration project no longer poses a
risk to the endangerment of USDW'’s [40 CFR 146.93(b)(2)]. If the applicant is
not able to demonstrate USDW stability, guidance recommends that injection
take place on a quarterly basis.

Comment: The applicant should generate new estimates related to USDW
monitoring that take into consideration a higher frequency of sampling. The
EPA Cost Estimate Tool assumes annual sampling, but the applicant should be
prepared to undergo sampling at a higher frequency.

40 CFR
146.85(a)(2) (i),
40 CFR 146.91
(a)(7), 40 CFR
146.93(a), 40
CFR 146.93(b)

Background: The EPA cost estimate tool assumes that the testing and
monitoring activities taking place under 40 CFR 146.90 and 40 CFR 146.93 will
incur operation and maintenance costs.

Comment: EPA recommends the applicant update their cost estimate to
include costs incurred by the operation and maintenance of USDW
monitoring wells.

40 CFR
146.90(d)

Background: The applicant’s costs for post injection site care and site closure
are estimated under the assumption that a single monitoring well meets the
requirements of 40 CFR 146.90(d).
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Comment: EPA recommends that the applicant update their cost estimates
based on a multi-well monitoring network.

40 CFR
146.85(a)(2)(iv),
40 CFR 146.94

Background: The applicant estimates costs for Emergency and Remedial
response to be $1,400,000 while the EPA cost estimate tool allocates a range
of $16,990,000 and $106,977,000. The applicant did not include an itemized
list of costs, making this portion of the application difficult to analyze.

Comment: Please provide an itemized third-party cost estimate for the
activities associated with groundwater remediation that are described in the
Emergency and Remedial Response Plan.

10

40 CFR 146.94

Background: Scenario 1 of the Emergency and Remedial Response portion of
the application includes potential migration of injected fluid outside of the
proposed injection and confining zone. In response to this scenario, the
applicant plans to amend the permit to include the zones into which the fluid
has migrated.

Comment: Although not specified by regulations, this plan may not be the
appropriate response. 40 CFR 146.94(a) indicates that “the requirement to
maintain and implement an approved plan is directly enforceable regardless
of whether the requirement is a condition of the permit.” Please provide an
itemized third-party cost estimate for the “Potential Response Actions” under
“C0O2 Migration” in the “Emergency and Remedial Response Plan” portion of
the application that provides detailed actions in response to the migration of
CO2 outside of the targeted injection zone.
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Request for Additional Information

[GCS Hackberry (R0O6-LA-0007)] - [Request #A-4]

Instructions: Populate the “Response” column with answers/responses to each comment/question below, then upload the completed responses to Field
#3 in the “Information Requests” reporting module of the GSDT. If necessary, upload attachments or references in Field #4 of the module and/or update
information within other GSDT modules. To allow reviewers to quickly locate and review changes/updates, clearly identify the location within the
application where edits for each response were made (e.g., Site Characterization, Section 2.7.4, p. 53, updated paragraph 2).

Item | Associated

146.82(a)(3)((iii)

used in the model is shown below (referring to table 2-1). Using the same
core data, vertical permeability in the sand was shown to be 91% of the
horizontal permeability. This relationship is applied throughout the model.
Comment: Please clarify the response to EPA’s question for the Plume Model,
p 2.4 -2.5. The response does not address why 91% was applied to the entire
model. The question was repeated above for reference.

o Comment/Question Response
# |Regulation(s) /Q P
Modeling

40 CFR Background: A summary table of the values for porosity and permeability

40 CFR
146.82(a)

Background: Provide justification for applying the relative permeability
relationships found for the sand across the entire model. Since there is no
site-specific core data, provide an explanation of why using the relationship
throughout the model is appropriate when sediment particle sizes, sorting,
and packing, and sedimentation patterns and stratigraphic relationships from
deltaic environments of deposition and marine sedimentation patterns are
complex and change over short distances. In addition, provide any related
information from regional or local geologic studies, if used for Section 2, that
support the assumption of applying the relative permeability relationships
found for the sand across the entire model.

Comment: Please clarify the response to EPA’s question for the Relative
Permeability and Capillary Pressure, p. 2-5 from the NOD sent in May

2022. The response does not address why the relative permeability
relationships found for the sand should be applied across the entire

model. The question was repeated above for reference.
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Item

Associated
Regulation(s)

Comment/Question

Response

40 CFR 146.82,
83, 84 (c)

Background: Explain why applying the capillary pressure result from a single
sand sample, and the capillary pressure result from a single shale sample, is
appropriate for all sand and shale layers in the model. It does not appear
reasonable to EPA to assume that 63’ of core, from cores 3 and/or 4, which
represents approximately 1.1% of the entire vertical injection interval, can
represent all lower Miocene sand layers over an approximately 5607’ vertical
distance. Since there is no site-specific core data, provide a justification based
on the known environments of deposition, patterns of sedimentation and
stratigraphic relationships from regional and local geologic studies that
explain why the same capillary pressure can be applied for the entire vertical
distance.

Comment: Please clarify the response to EPA’s question for the Relative
Permeability and Capillary Pressure, p. 2-7 from the technical NOD sent May
2022. EPA recognizes the difficulty in obtaining core samples because of the
unconsolidated nature of formations and the intentions of HCS to conduct
further evaluations and collect data. However, EPA is asking why it is
appropriate to apply the same values to all the sand and shale layers in the

model? The question is repeated above for reference.

Comment: Figures 2.1.A and Figure 2.1.B are labeled with the same times
(both say Dec. 1, 2120). Re-label the times as appropriate.

Comment: Clarify what Arrow 4 shows on Figure 2.1.B.

40 CFR 146.84

Background: This question is in reference to the following HCS
response to the technical NOD sent May 2022: While the core samples
showed 92% water, 100% water saturation was used for all model
layers, as discussed on Page 2.8. The low percentage of oil values
modeled does not materially change the outcomes.

Comment: Without having analyzed model sensitivities, explain how
Hackberry knows that the low percentage of oil values modeled does
not materially change the outcomes.

40 CFR 146.84

Background: HCS response to the technical NOD sent May 2022 for
Section 2.11.
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Item

Associated
Regulation(s)

Comment/Question

Response

Comment: Please clarify if the stated changes are the only changes that will
be made. For example, will other changes possibly be needed such as the
positions of boundary conditions or boundary values, model layer continuity
or pinch-outs, injection interval elevations (not just thicknesses), the amounts
to be injected, or other changes?

Background: Figure 1-3 does not have a map scale.

Comment: Provide a map scale on Figure 1- 3: Overview Map of
Project Area.

40 CFR 146.84

Background:

Comment: Explain how model sensitivities will be examined with respect to
porosity and permeability.

10

40 CFR 146.82,
146.83, 146.84

Background: Based on the position of the West Hackberry Salt Dome
in Figure 1- 3: Overview Map of Project Area, it appears that no-flow
cells would extend further north on the eastern side of the domain,
and further west on the southern side of the domain than is shown on

Figure 2.16.

Comment: Explain why the no-flow cells on Figure 2.16 of the HCS
response are assigned as they were.

11

40 CFR 146.82,
146.83, 146.84

Background:

Comment: Explain if boundary conditions can be assigned to the SE
part of the domain that would provide a gradational change from no-
flow cells to infinite acting cells, and if that would it make a
difference?

12

Background: Our review teams are still having access issuing the
model files listed in Attachment 2.
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Item

Associated
Regulation(s)

Comment/Question

Response

Comment: Provide the section and page number of the application, and the
one-drive folder and file name, where all of the information may be found for
each of the .pdf links on the attachment. For example:

Simulator Description/Documentation:
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no wiki/shared/Submissi
ons/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--1.pdf [place section and page number here; place
one-drive folder and file name here]

Well Construction

13

40 CFR
146.86(b)(5)

Background: 40 CFR 146.86(b)(5) indicates that all cement and additives must
be compatible with the CO2 stream and formation fluids to maintain integrity
over the design life of the project.

Comment: The application discusses the use of NeoCem 104 cement. Please
provide a discussion regarding the compatibility or resistance to CO2 of this
cement. The application also mentions the use of additives. Please provide
details regarding the proposed additives and their compatibility with CO2 and
formation fluids.

14

40 CFR
146.86(b)(1)

Background: Casing and cement or other materials used in the construction
of a Class VI well must have sufficient strength and be designed for the life of
the geologic sequestration project. All well materials must be compatible with
fluids with which the materials may be expected to come into contact and
must meet or exceed standards developed for such materials by the API.

Comment: Please specify what type of materials and cement will be used for
the proposed conductor casing.

15

40 CFR 146.90

Background: The applicant mentions the installation of downhole gauges and
potential limitations that may occur as a result of the instrumentation.

Comment: Will gauges be installed? What are the anticipated limitations and
how would these limitations be mitigated?
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16

40 CFR 146.86

Background:

Comment: EPA recommends that HCS provide an injection well construction
plan that is consistent with the “Injection Well Construction” template that is
available in the GSDT. The plan should provide details about casing, tubing
and packer specifications in a tabular format and include a schematic.

Pre-Operational Test

ing

40 CFR
146.87(b)(c)

Background: 40 CFR 146.87(b) requires that the applicant take “whole cores
or sidewall cores of the injection zone and confining system and formation
fluid samples from the injection zone(s), and must submit to the Director a
detailed report prepared by a log analyst that includes: Well log analyses

17 (including well logs), core analyses, and formation fluid information.”
Comment: Appendix F-1 includes plans for fluid sampling but very few details
are provided. Please indicate which zones will be utilized for formation fluid
sampling and what parameters will be analyzed.

40 CFR Background: 40 CFR 146.87(b) requires that the applicant take “whole cores

146.87(b) or sidewall cores of the injection zone and confining system and formation
fluid samples from the injection zone(s), and must submit to the Director a
detailed report prepared by a log analyst that includes: Well log analyses
(including well logs), core analyses, and formation fluid information.”

18
Comment: Does the project plan include specific coring and fluid sampling at
each of the specific injection intervals within the injection zone? If sampling
and coring is not planned for each injection interval please provide a
demonstration of homogeneity within the injection zone to substantiate
these plans.

40 CFR Background: 40 CFR 146.87(c) indicates that the applicant must record the
146.87(c) fluid temperature, pH, conductivity, reservoir pressure, and static fluid level
of the injection zone(s).

19

Comment: While it may be inferred please indicate that the applicant will
measure and record the reservoir pressure within the injection zone prior to
operation.
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20

40 CFR
146.87(b)(d)

Background: 146.87(d) indicates that the applicant must determine or
calculate physical and chemical characteristics of the injection/confining zone
lithology and formation fluid. Formation fluid analyses generally include major
anions and cations, pH, temperature, pressure, alkalinity, TOC and total
inorganic carbon. Injection/confining zone analyses typically include (but are
not limited to) lithology, thickness, grain size, fracturing, permeability and
porosity.

Comment: Please indicate what parameters will be analyzed to further
constrain the properties of formation fluid and injection/confining zone

geology.

21

40 CFR 146.87
(f), 146.91(d)

Background: 40 CFR 146.87 (f) indicates that the owner operator must submit
a schedule of such activities to the Director 30 days prior to conducting the
first test and submit any changes to the schedule 30 days prior to the next
scheduled test.

Comment: While the applicant discussed the timeframe for reporting the
results of sampling and testing, there was no mention of informing the EPA of
planned testing schedules. The applicant should indicate that they are aware
of this requirement.

22

40 CFR 146.88,
40 CFR 144.41

Background: 40 CFR 146.88 defines types of permit modifications that would
fall under a minor modification. All other modifications qualify as major
modifications, which require an additional public comment period.

Comment: EPA recommends that the applicant provide a “draft stimulation
plan” to act as a placeholder for future modifications. A well stimulation plan
added following the initial permit to construct would result in another public
comment period. Such a plan would include the stimulation fluids to be used
(including additives) or diverting agents and a step-by-step procedure that
would be employed during stimulation.

23

40 CFR 146.82

Background: We were unable to confirm the depth of the USDW within this
section with the depths provided in the narrative.

Comment: Please confirm that the depth of 2,400’ is consistent with the rest
of the narrative.
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24

Background:
Comment: At what intervals/frequency will deviation checks be performed

during drilling on all holes?

40 CFR 146.87

25

Background:

Comment: Please clarify or update the FLP to ensure that it conforms with the
pre-operational testing requirements at 40 CFR 146.87 as follows:

o Specify that resistivity, spontaneous potential, and caliper logs will be
run before and upon installation of the surface and long string
casings;

o Include porosity, gamma ray, and fracture finder logs to be run
before the long string casing is installed; and

o Include a variable density log and temperature log to be conducted
after the surface casing and long string is set and cemented. (The
plan only specifies cement bond log and does not specify the
timing.)

Background:

Comment: Please describe the MITs that will be performed on the
injection well.

Plugging Plan

40 CFR 146.92

Background:

26 Comment: Please revise page 6-4 of the IWPP to show the correct number of
cement plugs to be used for plugging the injection well.
40 CFR 146.92 |Background:
27 Comment: Please revise the abandonment schematics to match the plug
number designations within Tables 6-3 and 6-4._
40 CFR 146.92 | Background:
28 Comment: Please explain how the first five feet of casing will be cut after the

final cement plug is in place. Alternatively, will the casing be cut prior to
cementing to the surface?_
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29

40 CFR 146.86,
146.92

Background: Class VI guidance recommends providing construction
schematics and plugging plans for all monitoring wells to ensure that the
same requirements set forth by 40 CFR 146.86 are met for monitoring wells.

Comment: EPA recommends that HCS provide a plugging plan and
construction schematics for the monitoring well._

Testing and Monitori

ng

40 CFR 146.90

Background: Pg 5-1 says, “Any evidence that the injected VO2..”

= Comment: Please correct to CO2.

40 CFR 146. 86, |Background: The applicant did not provide specifications for equipment used
146.90 in the testing and monitoring plan.

31
Comment: Recommendation: Provide specifications for all equipment used in
the provided testing and monitoring plan.

40 CFR 146.92 | Background: The applicant has not provided adequate details regarding the
(b), plugging plan and construction for the single monitoring well.

32
Comment: EPA recommends that HCS provide a plugging plan and
construction schematics for the monitoring well._

40 CFR Background: Baseline data should be used to detect deviations in monitoring
146.87(a), 40 data.
CFR 190 (d)

33 Comment: Specify what will be your baseline data, and what changes will be
made to the testing and monitoring plan (sampling frequency, additional
sampling, shut-in time, time analyzed) if results deviate significantly from
baseline data.

40 CFR 146.90 |Background: A Coriolis mass transmitter meter will be used to measure the
(k) mass flow rate of CO2.
34

Comment: Explain the accuracy and precision of the Coriolis Transmitter
meter. Include maintenance and calibration procedures, and the sensitivity to

detect changes from permitted conditions.
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40 CFR 146.88 €

Background: Various methods are possible to utilize monitoring data for the
calculation of injection volumes.

35
Comment: Explain how the injection volume will be calculated and provide
formulas.

40 CFR 146.90 |Background:

36 Comment: Recommendation: A table with operational parameters, including

methods used, locations, and minimum sampling and recording frequencies.
40 CFR 146.90 |Background:
()

37 . . S .
Comment: Specify what changes in injection rate and annular pressure will
trigger a change in monitoring/testing frequency.

40 CFR Background:
146.88(e)(2)

38 Comment: Narrative does not mention the installation of alarms and shutoff
devices to alert operator when parameters deviate from permitted ranges per
146.88 (e)(2).

40 CFR 146.90 |Background:

39 Comment: Specify what changes will be made in monitoring/testing

frequency if samples have signs of corrosion, or significant weight reductions.
40 CFR 146.84 |Background: The placement of the monitoring well was justified by being in
(c), 146.90 the updip direction of the injection structure and above the modeled plume

migration. However, the narrative does not explain why one well is enough to

40 monitor ground water quality in the AOR.

Comment: Please provide an explanation as to why a single monitoring well is
sufficient to meet the criteria of 40 CFR 146.90
40 CFR 146.90, |Background: Table 5-3 states ground water quality parameters will be
146.91 (a)(7) measured every five years.
41

Comment: At a minimum EPA recommends wells to be initially sampled at a
quarterly basis and submit ground water monitoring results in semiannual
reports.
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40 CFR Background: Was not able to find the location of the temperature log test
146.89(c), mentioned in the report.
42 146.90
Comment: Please provide the location where the temperature log will take
place in the narrative portion of the testing and monitoring section. 40 CFR
146.89(c) and 146.90
40 CFR Background: Only one paragraph concerning the temperature log is included
146.89(c), in the testing and monitoring plan.
146.90
Comment: Please include a description of the proposed Temp Log that
43 includes the following
1) The specific procedure that you plan to use
2. Information on the gauges or equipment, range, precision, etc.
3) Define the criteria for pass or fail.
4) MIT’s in monitoring wells (please include in a table)
5) Any additional data that shows no significant leakage
40 CFR 146.90 |Background: EPA was not able to find the location of the pressure fall-off test
(f) mentioned in the report.
44
Comment: Please provide the location where the pressure fall-off test will
take place in the narrative portion of the testing and monitoring section.
40 CFR 146.90 |Background:
Comment: Please read the Class VI Guidance document for Well Testing and
Monitoring Section 3-5 (Pages 50-52). Make sure that the description for
pressure fall-off testing includes the items mentioned in the guidance
document. This is especially the case with the bullet point list in the Reporting
45 . . .
and Evaluation section on page 52 of the guidance document. Please make
sure that all the bullet points in this list are addressed in the narrative
description for pressure fall-off testing in the Testing and Monitoring section
of the application. The guidance document for Well Testing and Monitoring
can be found at https://www.epa.gov/sites/default/files/2015-
07/documents/epa816r13001.pdf_
40 CFR 146.90 |Background: The applicant indicates that the vertical seismic profile will be
3 (g) (1) utilized as a direct monitoring method.
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Comment: The Vertical Seismic Profile is not considered a direct pressure or
plume front tracking monitoring method. Seismic is considered an indirect
pressure or plume front tracking method. Direct Pressure Monitoring is stated
as, “Measurement of in situ fluid pressure that may be achieved using
transducers placed within monitoring wells in the injection zone, behind
casing gauges, or through direct measurement of fluid depth through a
perforation. It is required to track the presence or absence of elevated
pressure within the injection zone 40 CFR 146.90 (g) (1).” Direct Carbon
Dioxide Plume Monitoring is stated as, “Use of monitoring wells in the
injection zone to substantiate the presence or absence of carbon dioxide by
geochemical methods. It is required to track the extent ot the carbon dioxide
plume if the UIC Program Director determines that indirect methods are not
appropriate 40 CFR 146.90 (g) (1).” Indirect geophysical monitoring is stated
as, “Seismic, electrical, gravity, or electromagnetic techniques. Required to
track the presence or absence of elevated pressure within the injection zone
and the extent of the carbon dioxide plume, unless the UIC Program Director
determines that such methods are not appropriate 40 CFR 146.90 (g) (2).”
Please provide both direct and indirect methods for both pressure and plume
front tracking based on the above definitions. The guidance document for
Well Testing and Monitoring can be found at
https://www.epa.gov/sites/default/files/2015-
07/documents/epa816r13001.pdf

47

40 CFR 146.90

Background:

Comment: Please provide a table listing concerning the plume monitoring
location and frequency that has the following information 1) Type of method
(Direct or Indirect) 2) Formation 3) Activity 4) Location 5) Special coverage 6)
Frequency.

48

40 CFR 146.90

Background:

Comment: Please make sure to provide the following list of items for each
method under the pressure and plume front tracking 1) Quality Assurance
and Surveillance Plan 2) Specific schedule for the monitoring 3) Continuous
Monitoring including how the samples are collected and recorded 4) Mixed
location/frequency or adaptive 5) Triggers and timeframes 6) Maps for
locations 7) Depth/elevation of each interval 8) Output data 9) Gauges or
other equipment (range, precision, etc.) 10) Processing methods for
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geophysical methods 11) Deviation from baseline 12) Proposed combination
of direct and indirect monitoring._

49

40 CFR
146.90(h)

Background: The Director may require surface air monitoring and/or soil gas
monitoring to detect movement of carbon
dioxide that could endanger a USDW.

Comment: No section for Air or Soil Gas surface monitoring was included in
the Testing and Monitoring portion of the application. A plan for this may be
required in the future based on whether the director finds that Air or Soil Gas
surface monitoring may be needed due to potential risks to the USDW that
could arise within the AOR. Please refer to 40 CFR 146.90(h).

50

40 CFR
146.90(k)

Background: 40 CFR 146.90 (k) requires the applicant submit a quality
assurance and surveillance plan for testing and monitoring requirements.

Comment: Please include a quality assurance and surveillance plan for all of
the testing and monitoring methods similar to what was included in the
pressure fall-off testing and groundwater quality monitoring sections. Please
refer to 40 CFR 146.90(k)._

PISC/S

C

51

40 CFR
146.93(a)(2)(i)

Background: Following the cessation of injection, threat to USDW’s will
decrease as a result of decreasing pressures.

Comment: Please provide expected decline rate as part of modeled data for
the monitoring well. Please refer to 40 CFR 146.93(a)(2)(i)

52

40 CFR 146.93

Background: Specifications of testing and monitoring and PISC should match
across sections.

Comment: Please make the PISC and Testing and monitoring sections match
up with each other based on the deficiencies provided in both sections._

53

40 CFR 146.93

Background: A quality assurance plan should be provided

Comment: Please provide QASP for all required sections in the application.
Please refer to https://www.epa.gov/sites/default/files/2016-
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12/documents/uic_program_class_vi_well_plugging_post-
injection_site_care_and_site_closure_guidance.pdf_

40 CFR 146.93
(c)

Background: A 10-year alternative PISC will not meet the EPA’s requirement
based on 40 CFR 146.93(c). Applicant has not provided a detailed description
making their case for a 10-year PISC. Also, the applicant does not have any

54 site-specific data to back up this argument.
Comment: Please provide a detailed description making the case for a 10-year
PISC. Please refer to 40 CFR 146.93(c) for guidance on the alternative PISC.
40 CFR Background: One paragraph detailing the non-endangerment of USDW’s will
146.93(b)(2), not suffice.
55 |(3)
Comment: Please provide a detailed description for the non-endangerment of
USDW’s based on 40 CFR 146.93(b)(2) and (3).
40 CFR 146.92 |Background: The applicant should provide a specific plugging plan for the
(e), 146.93 (f)(1) | monitoring well.
56

Comment: Please provide a separate plugging plan for the monitoring well in
the PISC section. Please provide a detailed site closure plan that describes the
site restoration and explicitly references state and local regulations.
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Request for Additional Information
[GCS Hackberry (R06-LA-0007)] - [Request #A-4]

Instructions: Populate the “Response” column with answers/responses to each comment/question below, then upload the completed responses to Field
#3 in the “Information Requests” reporting module of the GSDT. If necessary, upload attachments or references in Field #4 of the module and/or update
information within other GSDT modules. To allow reviewers to quickly locate and review changes/updates, clearly identify the location within the
application where edits for each response were made (e.g., Site Characterization, Section 2.7.4, p. 53, updated paragraph 2).

Item | Associated

Comment/Question Response
# |Regulation(s) /a P
Modeling
40 CFR

146.82(a)(3)(iii)

40 CFR
146.82(a)
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Request for Additional Information
[GCS Hackberry (R0O6-LA-0007)] - [Request #A-1]

Instructions: Populate the “Response” column with answers/responses to each comment/question below, then upload the completed responses to Field
#3 in the “Information Requests” reporting module of the GSDT. If necessary, upload attachments or references in Field #4 of the module and/or update
information within other GSDT modules. To allow reviewers to locate and review changes/updates quickly, clearly identify the location within the
application where edits for each response were made (e.g., Site Characterization, Section 2.7.4, p. 53, updated paragraph 2).

Item | Associated

# |Regulation(s) Comment/Question Response
AOR/Corrective Action
40 CFR Background: On Page 3-6, it’s written that “the results of the
146.82(a)(4), area of review evaluation yielded zero (0) artificial penetrations within the
40 CFR AOR boundaries.” However, a detailed explanation of AP identification
146.84(c)(2), procedures and AP records searches is not provided, and there appears to be
40 CFR no indication that an exhaustive AP records search was conducted, including
146.82(a)(21), [|examinations of LDNR’s microfiche library, other commercial maps, scout
40 CFR tickets, etc. Since LDNR has confirmed to EPA that well records exist outside
146.84(d) of SONRIS, including a comprehensive library of microfilm/microfiche records

kept at LDNR’s offices, well records compiled solely from SONRIS are
considered incomplete and do not satisfy 40 CFR 146.84(c)(2) and 40 CFR
146.84(d). EPA's Underground Injection Control (UIC) Program Class VI Well
Area of Review Evaluation and Corrective Action Guidance document (EPA
816-R-13-005, May 2013), which supports 40 CFR 146.84, discusses two
critical narratives that detail the technical efforts for:

(1) identifying all APs in the area of review, and

(2) the AP records data collection process associated with the AOR APs to
assess their conditions concerning the impact of the proposed Class VI action.
The procedures and protocols for this are discussed in Chapter 4 of the
guidance document found at
https://www.epa.gov/sites/default/files/201507/documents/epa816r13005.p
df.
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Item

Associated
Regulation(s)

Comment/Question

Response

Comment: Please provide information for items (1) and (2) above detailing
how the AOR AP locations were searched for. The updated information should
include detailed steps taken to ensure the identification of all APs within the
AOR, and it should include a detailed description of steps taken to conduct an
exhaustive records search, including searches beyond LDNR’s online SONRIS
database.

40 CFR
146.84(c)(1)

Background: GEM software was used to model "multiple plumes, stacked on
top of each other and separated by shale beds, in order to control the lateral
extent of the resultant plumes thereby keeping them within controlled pore
space." The AOR was defined by the "shape and lateral extent of the largest of
the stacked injection plumes" (page 3-3). However, there is no further
discussion of the site characterization methods and other data inputs used to
validate or further inform this AOR.

Comment: Please provide a narrative justifying how the AOR delineation
represents the largest area where injection activity may endanger USDWs.
Reference the site characterization methods, data collection tools, and any
heterogeneity or uncertainties that have been considered in the AOR. Show
the controlled pore space and describe how it affected AOR delineation.

Class VI Request for Additional Information

Page 2
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WELL CONTROL

ENGINEERING THE FUTURE OF WELL CONTROL

Cudd Well Control is a division of Cudd Pressure Control, Inc.
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Cudd Well Control (CWC) is a recognized leader in well control
engineering and critical well intervention services for onshore

and offshore environments. CWC has provided well control and

well recovery services for drilling, workover, and production

emergencies around the world since 1977. CWC, a registered

professional engineering firm (registration number F-11840),

provides first-class engineering and critical well intervention

services to identify risks and design solutions that increase

production efficiency. CWC is an 1ISO 9001:2008 certified company.

CWC is strategically positioned to
respond to operations around the
world, working to help mitigate
risks for oil and gas producers,
drilling contractors, well servicing
companies, regulatory agencies,
insurance providers, academic
institutions, and underground
storage operators. to help mitigate
risks. We help you prepare for
emergency situations through
advanced planning and training
programs to uncover vulnerabilities
and establish procedures for a
safer, more productive working
environment.

PREPARE FOR
THE WORST.

PLAN WITH
THE BEST.

Our personnel are our most
important assets. We make safety
a priority in every situation. CWC's
highly experienced, certified
engineers and well control
specialists are accustomed to
working under different well

control conditions, using various
specialized tools at a mastery level.
By maintaining current training and
up-to-date knowledge on the latest
technology and proven techniques,
we're poised to give our best at a
moment'’s notice. Our team stands
ready to put their experience and
training to work anywhere in the
world. From establishing safe work
zones to ensuring the safety of the

equipment, you can count on CWC
to do it the right way.





WELL CONTROL SERVICES

When faced with a critical well event, trust an experienced, reliable resource
to resolve your situation quickly and safely. CWC responds promptly to
assess the situation and develop a plan of action to resume your operations.

Applications

+  Well control and kick resolution +  Well recovery operations
+ Subsea well control + Surface intervention

+ 0il and gas well firefighting + Pressure control

+ Blowout response

-

SPECIAL SERVICES

We deliver custom-engineered, cost-effective solutions for critical well intervention services in a range of applications,
tackling events in even the most demanding environments. Combining our extensive expertise and experience with
pioneering technology, we're able to overcome unique challenges safely, efficiently, and reliably while minimizing non-
productive time.

Applications

+ Surface and subsea hot tap operations
+ Dryice and cryogenic freeze operations
+ Gate valve drilling

ENGINEERING SERVICES

Our experienced engineers and specialists are dedicated to ensuring the safety and functionality of your investment.
We partner with you to identify operational vulnerabilities and develop plans that reduce your risks.

Applications

+ Riginspections/well control equipment inspections + Gas storage facility audits

+ Relief well planning and execution +  Well control drills

+ Kick modeling +  Workover/completion audits

+ Drilling plan reviews + Basic/advanced well control crew training

+ Blowout contingency and action plans + High-pressure/high-temperature contingency planning

+ Regulatory compliance verification
+ Shear test verification/witnessing

s g e WE WORK UNDER PRESSURE
S0 YOU DON'T HAVE TO.
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CUDD ASSURED FULLY AUTOMATED
WELLHEAD AUDITS SAVE TIME, MONEY

Rapid Access to the Data You Need

Cudd Well Control’s next-generation wellhead inspection automation
software, powered by CuddAssured, leads the industry with a combination of
software development expertise and unparalleled asset protection. Starting

from a client-centered approach, our research and development team
engineered a remarkable program that revolutionizes wellhead audits, saving
operators significant time and money.

Software Features:

+ Low-cost audits performed quickly, efficiently on convenient mobile
device

+ Use of handheld device allows for quick delivery of audit information on
the spot, in the field

+ Access the info you need—when you need it—with real-time data uploads
to the cloud

+ Every bit of information remains protected with our triple-encrypted
online security measures

Experience that Works for You

The CuddAssured wellhead audit from Cudd Well Control covers all the
traditional aspects of a thorough investigation, including pressures, valve
functionality, and potential corrosion. We go a step further to ensure that all
findings are tied into API Specifications 6A, guaranteeing your equipment
is operating at its best. And if it's not, you have decades of well control
experience at your service.

Additional benefits of a CuddAssured wellhead audit:

+ Upon inspection and finding of minor or even critical issues, we will
develop a solution to fix or repair the well

+  With permission, our team will fix or replace pressure gauges, needle
valves, and other easily accessible equipment

+ Through wholly in-house services and the CuddAssured automated audit
program, your operation will experience results in minutes, not days

Click here to watch demo

Cudd Well Control is a division of Cudd Pressure Control, Inc.

24 HOUR RESPONSE #3 1.713.849.2769

CUDDWELLCONTROL.COM

CUDD,
(0 SSURED"

e

By harnessing the power

of CuddAssured’s Wellhead
Audit automation, you will
gain unprecedented access to
wellhead data in a matter of
minutes rather than days.




https://www.youtube.com/watch?v=bg5aU0n17gg



Overview

The Well Control System Survey is specifically designed for each site (drilling,
workover, snubbing, coiled tubing, frac) to encompass the various systems on
location in all environments (land, offshore, inland waters).

We conduct the well control system survey (WCSS) to cover all well control
components and subsystems rigged up in their operational mode typically after
surface or intermediate casing has been set and prior to or at drillout. This allows
for the WCSS specialist to assess and inspect the system as it would function in
the event of a well control situation, such as a kick or diverting operation.

The purpose and goal of the survey is to identify the system(s) or the system
components that may not comply with standards set forth by the American
Petroleum Institute (API), International Association of Drilling Contractors
(IADC), sound engineering and operational reasoning, as well as the decades of
experience established by Cudd Well Control.

The WCSS specialist documents, lists, and categorizes observations from tiers 1,
2, and 3 along with action-based remedies based on Industry Standards (API and
IADC) and Recommended Safe Practices along with the well control experience of
Cudd Well Control.

While WCSS may identify certain observations based on tiers 1, 2, and 3,
compliance with such recommended or suggested actions shall not imply any
additional guaranty or warranty of any kind.

Cudd Well Control is a division of Cudd Pressure Control, Inc.
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Components and
Subsystems Evaluated

+ Accumulator system

+  BOP equipment system

+ Kill line valves & kill line system
+ Choke line valves & choke line
+ Choke manifold system

+  Mud-gas system

+ Active pits system

+  PVT system

+ Degasser

+ Trip tank

+ Standpipe system

+ Rig floor equipment

+ Preparedness

+ Condition and readiness

+ Drills, testing & rig up

+ Target well monitored





NCuDDW
wSlony

24 HOUR RESPONSE #3 1.713.849.2769

WELL CONTROL ASSESSMENT TRAINING

Overview
Rig crews and their use of the associated well control equipment are the
first line of defense for recognition and containment.

The goal is prevention of oil and gas well control events or minimization of the
event. Cudd Well Control believes properly trained rig crews should have a full
understanding of their well control equipment systems, responsibilities and how

to respond to an event. This will greatly enhance their collective ability to prevent
and/or control any escalation of a potential well control event. Prevention of an
escalation of an event is paramount to your company’s success.Cudd Well Control's
goal is to provide a professional and consistent approach to ensure competency of
everyone involved in all aspect of well control.

The Cudd WCAT module was developed to provide well site personnel with the

necessary information to recognize indicators and properly respond. The module

will accomplish the following:

+ Assess all personnel / teams on site for their assigned responsibilities prior to a
kick, during and after

+ Training tools to further enhance the crews understanding of their assignments
and their equipment knowledge

The methodology will comprise:

+ Interactive questioning by the Assessors/Trainers of the crew concerning their
job responsibilities.

+ Immediate clarification to crew if found deficient or weak in their understanding.

+ Review their understanding of the equipment they will use, and the importance
of its use.

+ Immediate response of equipment information/use to crew if found deficient or
weak in their understanding.

+ Involvement of ALL personnel on site (including but not limited to Company
Man, Toolpusher/Rig Manager, Driller, Derrick Hand, Floor Hand, Motorman, etc.)

Each crew/tour concludes their WCAT with a comprehensive re-cap of the training,
key point(s) and an open question and answer interaction.

Cudd Well Control is a division of Cudd Pressure Control, Inc.

CUDDWELLCONTROL.COM

Typical ltems Assessed

-

-

-

Competency

Job Responsibilities
Knowledge of Operations /
Procedures and Equipment
Response Skills during a
Well Control Situation
Training Tool
Understanding of Well
Control Equipment Systems
First Line of Defense
Proper Shut—In Procedures
Differences of Water

Based & Oil Based Kicks
Driller Method or Wait & Weight
Kill Method

Understands the BOP Stack
Site Emergency Response
Checklist

Daily inspection of TIW & IBOP
Knows Purpose of SIDPP
Understands Manual

Choke, Hydraulic Choke and Panic
Line Alignment
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WELL CONTROL EMERGENCY PLAN/
WELL CONTROL ACTION PLAN

Typical Outlines for WCEP / WCAP
+ Incident Class / Type Definitions
+  Well Control Emergency Contacts
+ Incident Command Contacts

+ Field / Asset Map

+ Regulatory Agency Contacts

+ Local Agency Contacts

+ Blowout / Fire Service Contacts
+ Emergency Service Vendors

Overview + 3rd Party Services
The well control emergency plan (WCEP) establishes a protocol for designated + Incident Command Structure
team members to safely respond and manage a well control emergency under the +  Great White Well Control
ICS system. The WCEP will include drilling, completion, and production provisions Response Team
as well as multi-well pad considerations, such as prevention of collateral damage, + Emergency Response Checklist
how to deal with emergency well control operations with other wells in close + Site Emergency Response
proximity, and capping and control considerations and mitigations/options. Checklist
+ On-Scene Commander
This plan covers the following topics: Incident Report
+ Securing wellsite, all personnel accounted for + Well Control Data Sheet
+ Attend to all Injured personnel + Drilling Operations
+ Notification procedures (corporate, state, and local) + Completion Operations
+  Well control event levels defined +  Workover Operations
+ ICSroles and responsibilities for response team at wellsite and office *  Producing Operations
+ Data forms for documentation of essential information + Coil Tubing Operations

+ Approved vendor contact list for specialized equipment, materials, and services
often required during a well control event

The well control action plan (WCAP) includes sections, with each designed for a
specific purpose covering the plan of action. The WCAP provides anyone involved
in an emergency well control event, regardless of magnitude, to refer to a plan and
initiate a response. This is not a full or comprehensive document. However, the
document can be bridged to any existing comprehensive plan and will cover all
aspects of a well control emergency.

Following the development of either the WCEP or WCAR drills can be scheduled
and revisions can be made based upon any items identified during the drills or
substantial changes to scope or type of operations.

Cudd Well Control is a division of Cudd Pressure Control, Inc.





Overview

Cudd Well Control offers a full range of relief well planning and execution services
designed to deliver timely solutions during critical well control events. Relief well
pre-planning for permitting and equipment selection has proven instrumental

in mitigating, or even eliminating, the risks of a nonresolution after employing
conventional methods to control the well. Due diligence reduces stress.

A relief well serves as a method to intercept and kill a blowout well when
surface or direct intervention may require an extended period of time or when
unacceptable risks are present for capping or direct intervention. When planned
and executed properly, relief wells are highly successful.

It's common to spud a relief well before or during a capping operation as a
contingent method of resolution, known as a dual strategy. A relief well is
designed based on the best kill strategy(s) for success. The well kill design
requirements will drive the detailed design of the relief well.

Once the target well is intercepted
and killed, the relief well can be
plugged or possibly converted to a
replacement well; this, however, is
not the typical case. Whether it is
relief well pre-planning for regulatory
or due diligence purposes or in an

emergency, we are here to assist.

Cudd Well Control is a division of Cudd Pressure Control, Inc.
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Why a Relief Well

.

Surface equipment damaged
beyond use or inaccessible
Surface intervention options
present unacceptable risks
Dual strategy when combined
with direct intervention

Relief well may provide faster
remedy than direct intervention

Basic Steps of a Relief Well

-

-

-

Determine relief well location
Relief well rig position surveyed
Drilling begins

Set casing(s)

Continue directional drilling
Target well pass by (option)
Run initial proximity ranging runs
Confirm target well location
Track target well

Alignment confirmed with
ranging runs

Drill to point of interception
Alignment and angle confirmed
Intercept target well

Kill target well

Target well monitored
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WELL KILL MODELING & REAL-TIME KILL ANALYSIS
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Benefits
+ Various Scenarios
Overview + Multi-phase Flow Simulations
Active well kill modeling and real-time kill analysis has been proven to be a + Graphics
valuable risk management tool for operators in support of pre-planned and +  Skilled Users
ongoing drilling operations. Modeling software has the ability to simulate * Real Time Support

kick behavior of a well, allowing for the determination of kill methods with the
ability to change mud weights, pump rates, and equivalent circulating density

as required. With additional well data incorporated into the modeling program,
further information can be developed to assist operators with DS design, FIT/LOT/
EMW, casing shoe placement, and the identification of potential lost circulation
possibilities.

Dynamic kill modeling is a valuable tool that has been successfully used to control
and kill blowouts. The technique pumps weighted drilling fluids calculated by

the model down the wellbore at higher pump rates. The specific fluid dynamics
created by this pumping method greatly enhances the friction within the wellbore,
thereby controlling the flow successfully killing the well.

Cudd Well Control uses Drillbench Dynamic Well Control and Blowout Control
program to conduct well kill modeling and real time kill analysis for our clients.

Cudd Well Control is a division of Cudd Pressure Control, Inc.
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RISK & PROJECT MANAGEMENT

Overview

Cudd Well Control offers a broad range of professional risk and project management
services based on sound engineering principles that are founded in decades of well
control experience. Specifically designed to address the requirements of the global
energy and marine industries, our risk and project management services incorporate
a safety-first maxim that anticipates change and delivers proven solutions before
problems arise.

Our overall approach to these services is unique to each and every need to meet
the exact requirements of your specific projects. From pre-risk condition surveys
to the most complex claim management project, our team of seasoned industry
professionals is prepared to help optimize your operations.

Cudd Well Control is a division of Cudd Pressure Control, Inc.
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Risk Management Services

.

Drilling and workover equipment
condition and evaluation surveys/
audits

General oil and gas equipment
condition and evaluation surveys/
audits

Equipment stacking verifications
surveys

Onshore drilling and production
wellsite condition and evaluation
surveys/audits

Due diligence surveys/audits
Site-specific and general claim
management response plans

Post Incident Claim & Project
Management

.

Wreck removal, clean up, and
restoration

Repair and reconstruction of
equipment and facility

Well control/re-drill and wellsite
restoration

Services procurement, cost
monitoring, and scheduling
Claim documentation and cost
management

General Project Management

.

General repair and upgrade
construction

General and critical equipment
mobilization and demobilization
Services procurement, cost
monitoring, and scheduling
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3 g REGION 6
% S 1201 ELM STREET, SUITE 500
M1 prote DALLAS, TEXAS 75270
March 14, 2023 Sent by email only

Hackberry Carbon Sequestration, LLC
501 Louisiana Ave.,
Baton Rouge, LA 70802

RE: Underground Injection Control (UIC) Permit Application R06-LA-0007
Class VI Pre-Construction Permit Application
Environmental Justice Considerations

Dear Mr. Gilbert:

EPA recommends additional elaboration on environmental justice considerations for this project. Following these
recommendations at this stage in the project will build a stronger public participation communication plan, potentially reduce
the number of comments during the public hearing process and ensure that all people residing in the project vicinity receive
fair treatment and meaningful involvement regardless of race, color, national origin or income.

The EPA EJ Screen tool utilizes 12 indexes that combine demographic factors with a single environmental factor.
Environmental and supplemental factors include Particulate Matter 2.5, Ozone, Diesel Particulate Matter, Air, Toxics Cancer
Risk, Air Toxics Respiratory Hazard Index, Traffic Proximity, Lead Paint, RMP Facility Proximity, Hazardous Waste
Proximity, Superfund Proximity, Underground Storage Tanks and Wastewater Discharge. EJ Screen analyses identify census
blocks in which environmental hazards are concentrated amongst people of color, low income and/or unemployed
populations, populations with limited English proficiency, popultions with low percentages of high school and above
education and low life expectancy. EPA Region 6 strongly encourages that the applicant discuss the intersection of site
specific environmental and demographic data.

This section should also mention potential construction and operational impacts on the populations in the Hackberry vicinity,
including short-term concerns such as air quality, transportation, noise levels, and other potential public or private nuisances.
You may also want to acknowledge the cumulative concentration of heavy industry in the area, the significant impact
hurricanes have had on the community, and Hackberry’s proximity to the much denser Lake Charles metro area.

Additionally, the applicant should indicate whether any guidance documents beyond the EPA’s Promising Practices for EJ
Methodologies in NEPA Reviews (2016) were used in the development of this application. EPA has a resource specific to
Class VI projects, including example analyses, here: https://www.epa.gov/sites/default/files/2015-
07/documents/epa816r11002.pdf

Please review the above comments. If you have any questions, please contact Brody Friesenhahn at (214) 665-7259.

Sincerely,

Digitally signed by Johnson, Ken-

Johnson, Ken-E ¢

Date: 2023.03.14 21:52:44 -05'00'

Ken Johnson, PE
Ground Water / UIC Section Chief



https://www.epa.gov/sites/default/files/2015-07/documents/epa816r11002.pdf

https://www.epa.gov/sites/default/files/2015-07/documents/epa816r11002.pdf
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Hackberry Carbon Sequestration, LLC
501 Louisiana Ave.,
Baton Rouge, LA 70802

RE: Underground Injection Control (UIC) Permit Application R06-LA-0007
Class VI Pre-Construction Permit Application
Technical Review of Application: Plugging Plan, Emergency Response and Financial Assurance

Dear Mr. Gilbert:

Upon completing the initial phase of the technical review of the Plugging Plan, Emergency Response and Financial
Assurance sections of the UIC Class VI permit application submitted by Hackberry Carbon Sequestration, LLC for HCS
Well No. 001, EPA Region 6 has determined that the application does not meet the requirements in 40 CFR 8146 Subpart H.

The review team has identified inconsistencies among the materials in the plugging plan section of the application. Details
pertaining to the injection well plugging plan vary between provided figures, tables,appendices, and narrative text. In
addition, EPA guidance recommends that all monitoring wells be plugged in a similar manner to a Class VI injection well.
Monitoring well plugging plans are not provided in sufficient detail to meet the requirements of 40 CFR 8146 Subpart H.

In addition, the review team has found that the emergency and remedial response plan does not include the required level of
project specific detail to satisfy the requirements of 40 CFR 146.94. As part of the emergency response plan, the applicant
must take into consideration the specific intricacies and difficulties caused by the project location.

Upon review of the provided Financial Assurance section of the Class VI application, both EPA Region 6 and Cadmus

contractor support found that the applicant’s cost estimates do not properly reflect estimates generated by the EPA Cost
Estimate Tool. Financial assurance demonstration must be provided for all items identified in 40 CFR 146.85 and EPA

guidance. Prior to the issuance of any permit, the applicant must provide required specifications regarding the qualified

financial responsibility instrument.

Please review the attached documents for detailed comments on the Class VI application and provide responses to this
request using the attached tables to ensure the most timely and effective application review. If you have any questions,
please contact Brody Friesenhahn at (214) 665-7259.

Sincerely,

Digitally signed by Johnson, Ken-

Johnson, Ken-E ¢

Date: 2023.03.14 21:53:51 -05'00"

Ken Johnson, PE
Ground Water / UIC Section Chief
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April 6, 2023 Sent by email only

Hackberry Carbon Sequestration, LLC
501 Louisiana Ave.,
Baton Rouge, LA 70802

RE: Underground Injection Control (UIC) Permit Application R06-LA-0007
Class VI Pre-Construction Permit Application
Technical Review of Application: Modeling, Well Constuction, Testing and Monitoring, Pre-
Operational Testing, Plugging Plan, Post Injection Site Care/Site Closure

Dear Mr. Gilbert:

Upon completing the initial phase of the technical review of the Modeling, Well Construction, Testing and Monitoring,
Plugging Plan and Post Injection Site Care/Site Closure sections of the UIC Class VI permit application submitted by
Hackberry Carbon Sequestration, LLC for HCS Well No. 001, EPA Region 6 has determined that the application does not
meet the requirements in 40 CFR 8146 Subpart H.

In addition to new questions regarding the model domain, the review team has identified insufficient responses to previous
requests regarding the static and dynamic modeling of the sequestration site. EPA remains unable to access files pertaining to
the modeling section of this application. #A4_Attachment_2 provides the names of the model files submitted to the GSDT.
These files should also be submitted to the OneDrive so that they can be accessed by our review teams. Please refer to Item #
12 and the aforementioned attachment for more information.

In addition, the review team has found that the Well Construction section of this application does not provide sufficient
detail to satisfy the requirements of 40 CFR 146. 86. The applicant should demonstrate that all construction materials are
compatible with the injectate and formation fluids and should provide specific detail regarding the parameters of this well.
Please refer to Items #13-16 for more information.

Our review team has found that insufficient detail has been provided regarding Pre-Operational Testing, Testing and
Monitoring and PISC/SC sections of the application to meet the requirements of 40 CFR 146.87, 146.90 and 146.93.
Additionally a draft Stimulation Plan should be provided to the application in order to avoid a potential Major Modification
in the future. Our reviewers are aware that a stimulation program may or may not be necessary but a “draft” Stimulation Plan
should be provided prior to the issuance of a Permit to Construct in order to avoid a potential Major Modification and
additional public comment period (40 CFR 144.41).

Please review the attached documents for detailed comments on the Class V1 application and provide responses to this
request using the attached tables to ensure the most timely and effective application review. If you have any questions,
please contact Brody Friesenhahn at (214) 665-7259.

Sincerely,
Johnson, Ken-E oiesore tssss osoo

Ken Johnson, PE
Ground Water / UIC Section Chief
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January 20, 2023 Sent by email only

Hackberry Carbon Sequestration, LLC
501 Louisiana Ave.,
Baton Rouge, LA 70802

RE: Underground Injection Control (UIC) Permit Application R06-LA-0007
Class VI Pre-Construction Permit Application
Technical Review of Application, Area of Review

Dear Mr. Gilbert:

Upon completing the initial phase of the technical review of the Area of Review for the UIC Class VI permit
application submitted by Hackberry Carbon Sequestration, LLC for HCS Well No. 001, EPA Region 6 has
determined that the application does not meet the requirements in 40 CFR §146 Subpart H.

The review team determined that insufficient information was given regarding procedures used to identify
artificial penetrations in the AOR, as required by 40 CFR §146.84. The standard is an exhaustive records search
that includes Lousiana Department of Natural Resource’s SONRIS database and physical microfiche archives,
commercial maps, scout tickets, and other potential repositories. The application should indicate the sources used
to determine that there are no artificial penetrations in the AOR.

In addition, there is insufficient information about the determination of the AOR extent. The narrative states that
pore space rights were a significant consideration but needs to show how they influenced the AOR delineation.
The narrative in this section should also reference the site characterization methods, data collection tools, and any
heterogeneities or uncertainties that have been considered in the AOR.

The attachment accompanying this letter details the deficiencies in the AOR section and provides space for
response and clarification.

If you have any questions, please contact Brody Friesenhahn at (214) 665-7259.

Sincerely,
Johnson, — parevigne™
Ken_E Date: 2023.01.20 18:39:14

-06'00'

Ken Johnson, PE
Ground Water / UIC Section Chief





		Hackberry Carbon Sequestration, LLC

		501 Louisiana Ave.,

		Baton Rouge, LA 70802
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November 9, 2021 Sent by email only

Hackberry Carbon Sequestration, LLC 501 Louisiana Ave., Baton Rouge, LA, 70802

RE: Underground Injection Control (UIC) Permit Application R06-LA-0007
Class VI Pre-Construction Permit Application
Administrative Review of Application

Dear Mr. Gilbert:

The United States Environmental Protection Agency, Region 6 (EPA) has received the Hackberry Carbon
Sequestration, LLC (HCS) UIC Class VI permit application via the Geologic Sequestration Data Tool (GSDT)
for a new injection well (HCS Well No. 001), in Cameron Parish of southwest Louisiana. EPA has reviewed the
permit application, pursuant to 40 CFR 8124.3(c), and determined that it contains the information required by the
GSDT.

We will begin our technical review of the permit application. During this phase, please note that we may request
additional information and clarification of previously submitted information.

If you have any questions about this letter, please contact Sam Yun at (214) 665-7371, Brody Friesenhahn (214)
665-7259 or lan Ussery (214) 665-6639.

Sincerely,

Digitally signed by KENNETH JOHNSON

DN: c=US, 0=U.S. Government, ou=Environmental

KENNETH JOHNSON oo s somon
0.9.2342.19200300.100.1.1=68001003655464
Date: 2021.11.15 08:42:31 -06'00"

Ken Johnson, PE
Ground Water / UIC Section Chief
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Class VI UIC Information Request
This submission is for:
Project ID:  R06-LA-0007
Project Name: Hackberry Sequestration Project
Current Project Phase:  Pre-Injection Prior to Construction
Request #1
1. Information request document [permitting authority]
HCS--LLC_NOD--sc--signed.pdf (previously submitted)
2. Topic(s) or subject(s) of information request [permitting authority]
3. Response due date [permitting authority]
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]
6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]
THIS INFORMATION REQUEST AND RESPONSE TAB IS CLOSED

1. Information request document [permitting authority]

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/InfoReg-Notify-07-05-2023-

2. Topic(s) or subject(s) of information request [permitting authority]
3. Response due date [permitting authority]
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]
6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]
THIS INFORMATION REQUEST AND RESPONSE TAB IS CLOSED
Request #3

1. Information request document [permitting authority]

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/InfoReg-Notify-07-05-2023-

1129/CBI---R06-LA-007_Information_Request --A2_EJConsideration.zip
2. Topic(s) or subject(s) of information request [permitting authority]
Financial Responsibility Well Plugging, PISC, and Site Closure
Other (specify): Emergency Response, Environmental Justice
3. Response due date [permitting authority]
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]

5. Response document [permit applicant/owner or operator]

1129/NOD--Response--3_062223 Redacted.zip
6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]
Supplemental files:
Description of file contents:

1. Information request document [permitting authority]

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/InfoReg-Notify-07-05-2023-

1129/HCS--LLC--Admin--Completeness--Nov--2021.pdf
2. Topic(s) or subject(s) of information request [permitting authority]
Notice of administrative completeness
3. Response due date [permitting authority]
NA
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]
6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]
THIS INFORMATION REQUEST AND RESPONSE TAB IS CLOSED
Request #5





1. Information request document [permitting authority]

2. Topic(s) or subject(s) of information request [permitting authority]

Site Characterization Well Construction and Operation Testing and Monitoring Well Plugging, PISC, and Site Closure
3. Response due date [permitting authority]

NA
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]

6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]

Send Request

The notification including a read-only copy of the request will be emailed to: theresa.cu@lonquist.com
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SECTION 5 - TESTING AND MONITORING

Ground Water Quality Monitoring

Hackberry Carbon Sequestration, LLC will conduct ground-water quality and geochemical
monitoring above the confining zone to meet the requirements of SWO 29-N-6 §625.A.3 [40 CFR
$146.90(c)]. The purpose of the ground water monitoring is to detect potential changes that may
result from fluid leakage out of the injection zone.











SECTION 6 — INJECTION WELL PLUGGING PLAN

Monitor Well Plugging and Abandonment

Once monitoring of ground water is no longer needed, the monitoring wells will be plugged and
abandoned following Louisiana state guidelines. The details regarding the use of the monitoring wells
are discussed in Section 5. Ensuring the protection of the USDW is of paramount importance in this
project. The plugging of the monitoring wells will ensure that existing pathways and exposure to the
USDW is restricted. The plugging process for these wells is as follows:











SECTION 7 - PISC

Plugging Activities

The Hackberry Carbon Sequestration Well No. 001 and the ground water monitoring wells, HCS Monitor
Well Nos. 001-003, will be plugged as discussed in Section 6. The Plug and Abandonment procedures are
designed to prevent migration of CO2 or formation fluids in the injection interval from migrating to the
USDW. Prior to plugging the wells, the mechanical integrity of these wells will be determined by an
Annulus Pressure Test, casing inspection log, temperature log as well as a pressure fall-off test as
described in Section 5. Plugging schematics and procedures are provided in Appendix J.

SECTION 8 - EMERGENCY AND REMEDIAL RESPONSE PLAN

Event Description — CO2 Migration

This event could occur if the plume reaches faults or fractures that allow CO, migration into
another zone, including the USDW, or to the surface. Failure of the confining zone could also
cause CO, to migrate.

Risk Level: Medium

Prevention and Detection: The CO, plume will be monitored as described in the Testing and
Monitoring Section.

Potential Response Actions:

e Cease injection immediately and notify the UIC Program Director within 24 hours.

e Use Ambient Reservoir Monitoring system and/or Vertical Seismic Profile system to
assess location and degree of CO, movement, as described in the Testing and Monitoring
Plan.

e Resume injection, if able, at a reduced rate.

e Continue monitoring of plume at a more frequent interval to determine if migration
continues.

e |If groundwater/USDW is impacted:

— Pump carbon dioxide-contaminated groundwater to the surface and aerate it to
remove carbon dioxide.

- Apply “pump and treat” methods to remove trace elements.

— Drill wells that intersect the accumulations in groundwater and extract carbon
dioxide.

- Provide an alternative water supply if ground water-based public water supplies
are contaminated.

e |f CO; plume is detected above the Upper Confining Interval but below the base of the
USDW:

- Cease injection immediately and notify Director within 24 hours.





- Conduct investigation to determine the most probable source of the leak.
- Repair source of leak if possible.
- Conduct a revised area of review for artificial penetrations that could be impacted
by the CO; plume at the newly detected depth.
- If required, develop a corrective action plan to address any artificial penetrations
identified.
- If leak has been repaired, notify Director when injection can be expected to
resume.
e |[f surface water is impacted:
- Shallow lakes will quickly release dissolved carbon dioxide back into the
atmosphere.
— Create a hydraulic barrier by increasing reservoir pressure upstream of the leak.
e |If the plume continues to migrate out of the zone or beyond the expected plume extent,
recomplete up hole into the next planned injection interval.

Accidents/Unplanned Events (Typical Insurable Events)

Unforeseen events may occur while operating the Hackberry Storage Project, such as surface
infrastructure damage, pipeline leak, compressor failure, animal damage, and weather-related
events.

Risk Level: Medium

Prevention and Detection:

Equipment will be maintained regularly to prevent or minimize damage. Damage prevention
infrastructure will be installed, and markers will be placed to alert the public of potential hazards.
The markers will include the name of the operator and telephone number. Barricades will be
installed to prevent accidental damage to equipment or animals from entering the facility.
Weather will be continuously monitored, and during a possibility of an adverse event,
precautions will be taken to limit the potential impact.

Potential Response Actions:
e Stop the injection and notify the Program Director within 24 hours.
e Activate the downhole safety valve if necessary.
e Determine the cause and severity of the failure and initiate repairs.
e Demonstrate mechanical integrity per the methods discussed in Section 5.
e Notify the Director when injection can be expected to resume.





SECTION 10 - FINANCIAL INSURANCE

Post-Injection Monitoring

Financial Assurance

A surety bond will be secured and used to provide sufficient funding for any corrective action,
injection well plugging, post injection site care & site closure, and emergency & remedial
response. In compliance with SWO 29-N-6 §609.C.4.c [40 CFR §146.85(a)(4)], this instrument
may not be terminated except due to failure to make payment and may not be final until 120
days after receipt.
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COLLIER

CONSULTING

1205 Sam Bass Road, Bld. B
Round Rock, Texas 78681
Office: (512) 851-8740
www.collierconsulting.com
F-8170

Proposed Work Plan
U.S. EPA Request for Additional Information
[GCS Hackberry (R06-LA-0007)] — Notice of Deficiency - Item 9

Collier Consulting, Inc. is proposing this outline of our work plan to prepare an independent
study, including a cost estimate for potential groundwater remediation, at the planned Hackberry
Carbon Sequestration, LLC (Hackberry) CO> sequestration project. This outlined work plan is
specific to the U.S. EPA request for additional information for Underground Injection Control —
Class VI Permit Application for Hackberry Carbon Sequestration Well.

A comprehensive understanding of the geological framework, the CO, storage system design, a
determination of the potential storage system failure scenarios, and specific cost estimates for
groundwater remediation provided in Hackberry’s EPA permit application are required to
complete this element of the project permitting application. Our proposed work plan outline is
based on our review of a redacted copy of Hackberry’s EPA permit application.

Proposed Work Plan Outline

Task 1.  Review of Existing Key Project Documents
a. Hackberry’s EPA permit application
b. Geological Publications for the Hackberry Project Area
c. Hackberry’s Principal Consultant’s Itemized Remediation Cost Estimates
Task 2.  Evaluate Storage System Failure Scenarios
a. Well Casing Failure
b. Integrity Failure of CO2 Reservoir
c. Predictive modeling of brine and CO2 migration
d. Identify potential receptors
Task 3.  Develop monitoring plan
Task 4.  Prepare Groundwater Remediation Plan
a. Eliminate Source of CO> Leak
b. Point Source Well Capture System
c. COqDispersion Modeling
d. Water Well (Point Source) CO, Capture
Task 5. Itemized Remediation Cost Estimate



http://www.collierconsulting.com/
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Repair of COz injection well

Installation of Point Source Well Capture System
CO. Dispersion Modeling

i. Drill & Complete CO2 Capture Well(s)

ii. Groundwater Reinjection System

Water Well (Point Source) CO Capture

i.  Well Chemical Sampling Program

ii. Individual Wellhead CO Separators





Analog Fluid Storage Groundwater Remediation Experience

The design and operation of an underground fluid storage system is based first on the concept of
multiple barriers to fluid (natural gas/ CO2) migration, and second on reservoir engineering
hydraulic principles. An additional principle is that stored fluid pressures must not compromise
the stability or integrity of the vessel by creating potential pathways (fractures) for fluid
migration, and/or the loss of storage space due to collapse or chemical reactions.

Natural gas has been stored successfully in underground aquifers and depleted natural gas fields
and solution mined salt caverns since the early 1950s, unlike CO». Approximately 78 new carbon
sequestration projects have been announced in the United States since 2021. We do not have an
actual carbon sequestration project in an aquifer/depleted gas storage medium that have been
developed, then failed, and required groundwater remediated.

A small number of aquifer gas storage fields experience natural gas leakage during the early
development of the fields, and more recently due to corrosion of well tubing/casings that resulted
in groundwater remediation program. We believe the Herscher and Manlove Illinois natural gas
storage fields are good analog storage systems to evaluate potential impacts and remediation plan
that could be expected from the Hackberry CO2 sequestration reservoir.

Natural gas leaked from the Herscher gas storage field during the initial gas injection into the
storage formations. It turned out the caprock for the storage system was not adequate to contain
the over pressured gas reservoir. Gas leak from Herscher gas storage through the caprock and
collected in a higher permeable formation with an adequate caprock. The Herscher gas storage
operation successfully captured the leak gas and reinjected it into the primary gas storage
reservoir. Note that Michael King with Hydrodynamics was a gas storage engineering that
worked on the Herscher gas storage field from 1975 to 1978.

Natural gas leaked from the Manlove gas storage field during the initial gas injection into the St.
Peter formations with the gas never collecting in an upper permeable gas storage zone. A tracer
gas was injected into the St. Peter to provide a tracer to identify the source of the gas. The leaked
gas was detected in the shallow groundwater aquifers some 40 years later. The concentrations of
the leak gas in the shallow aquifers are in the non-detect range, and had no impact of the quality
of the local water supply wells.

Both the Manlove (Mahomet) and Herscher initial gas storage field leaks are described in the
Illinois State Geological Survey publication:

Bushbach, T., Bond, D., 1967, Underground Storage of Natural Gas in Illinois-1967: Illinois
State Geological Survey, Illinois Petroleum 86, pages 32-36 and pages 38-40.

A single Manlove gas storage injection well experienced a well tubing/casing failure resulting in
gas leaking into the shallow groundwater aquifer. The leaked gas impacted multiple local water
supply wells. A groundwater remediation program was approved through the Illinois EPA, as
described in:





Circuit Court for the Sixth Judicial District, Champaign County Illinois, Consent Order No.
17-CH-218, 6/21/2022, People of the State of Illinois vs. The Peoples Gas Light and Coke
Company.

Peoples Gas Light and Coke Company submittal to the Illinois Environmental Protection
Agency, Letter of July 31, 2019, Groundwater Management Zone Application for the Gas
Storage Field.

Mahomet Aquifer Protection Task Force: Findings and Recommendations, Published
December 21, 2018.

This program is a good analog to what may be required for the Hackberry sequestration project
should groundwater remediation be required.

Key Personnel

Collier Consulting, Inc. (Collier) is a geoscience and engineering consulting firm specializing in
water resources engineering and studies. We are a high-end specialty consulting firm focused on
hydrogeology and subsurface characterization. Our experts include engineers, hydrogeologists,
advisors, technicians, environmental specialists, as well as other design, project, and construction
management professionals.

We also have an informal partnership with The Hydrodynamics Group, LLC. Hydrodynamics is
a team of principal-level expert consultants experienced in the development of groundwater
resources and deep geological storage projects. They specialize in the application of advanced
subsurface geological characterization technology to solve complex groundwater supply and
fluid/petroleum storage problems. Our Team includes:

Michael King, R.G., C.E.G., C.HG.

Michael King is a Registered Geologist and Certified Engineering Geologist and Hydrogeologist
with over 47 years of experience in the field of gas storage engineering, hydrogeology and
environmental engineering. Mr. King is involved in natural gas and air storage in aquifer storage
structures throughout the United States and overseas. Mr. King’s natural gas storage engineering
experience started with the Natural Gas Pipeline Company with responsibility for gas storage
operations at four natural gas fields in the Midwest. He continued his work as a natural gas
storage engineer consultant for energy storage projects in the U.S.A., Republic of Georgia, and
Republic of Trinidad & Tabago. He applied his gas storage expertise to the study and
development of 17 CAES projects in solution mined salt caverns, depleted gas fields, aquifer
structures, and mine storage systems.

King, M.J., McGill, M.J., 2009, Compressed Air Energy Storage, Encyclopedia of Energy
Engineering, Taylor & Francis Group, New York, New York.





King, M.J., Moridis, G., 2022, Compressed Air Energy Storage in Aquifer and Depleted
Gas Storage Reservoirs: Chapter in Handbook of Energy Storage, Wiley Press, London,
UK.

George Moridis, Ph.D.

Dr. George Moridis has over 43 years of experience as a research reservoir engineer. He has had
a distinguished career with Lawrence Berkeley National Laboratory, University of California at
Berkeley. Dr. Moridis is a professor and holder of the Robert L. Whiting Chair of Petroleum
Engineering in the Harold VVance Department of Petroleum Engineering at Texas A&M
University. He is responsible for development of reservoir energy storage system performance
models for CAES, natural gas, and hydrogen storage projects in solution mined salt caverns,
depleted gas reservoirs, performed gas storage simulation design models for depleted gas storage
fields, and is unique in having developed the latest version of the TOUGH2 modeling code. This
allows the capability to modify the source code to better represent unique storage reservoir
conditions.

Huang, T, Moridis, G., Blasingame, T: 2023, Feasibility Analysis of Hydrogen Storage in
Depleted Natural Reservoirs Through a Multi-Phase Reservoir Simulator, Society of
Petroleum Engineers SPE-212701-MS.

John Jansen, Ph.D., P.G.

Dr. John Jansen is a registered Professional Geologist with over 35 years of experience in the
field of surface and borehole geophysics, and groundwater hydrogeology. His experience
concentrates on the efficient development and management of groundwater resources, which
includes the exploration and development, use, treatment, and protection of groundwater-based
water supply systems. Dr. Jansen’s specialty is the strategic identification of well sites in
fractured controlled aquifers, and the testing and isolation of vertical zones of aquifers with
water quality problems. His additional areas of expertise include environmental investigations,
well design and well rehabilitation.

Gretchen Miller, Ph.D., P.E., P.G.

Dr. Miller is a Senior Groundwater Engineer with Collier Consulting who has been working in
environmental and water resources engineering for nearly 20 years. Prior to joining Collier, she
was an associate professor at Texas A&M University, where she taught fluid dynamics and
groundwater engineering. She is an experienced project and program manager and has developed
and led major projects involving numerical modeling of groundwater flow and transport,
unsaturated zone hydrology, and managed aquifer recharge. She is well versed in multiple
programs for modeling subsurface flow and transport in both the saturated and unsaturated zones
(e.g., MODFLOW, PARFLOW, HYDRUS, MT3D, MIN3P). She has published 36 journal
articles and book chapters and given more than 145 conference and seminar presentations. Dr.
Miller is a sought-after technical reviewer; she has reviewed reports, proposals, and technical





papers for the US Environmental Protection Agency, US Department of Energy, California
Department of Water Resources, California Environmental Protection Agency, and numerous
academic journals. In 2015, she was recognized with an Editors’ Citation for Excellence in
Refereeing from the American Geophysical Union journal Water Resources Research.

Brad Cross, P.G.

Brad Cross is a Registered Professional Geologist in Louisiana and Texas and has over 40 years
of experience in the fields of underground injection control, groundwater resource evaluation and
management, hydrogeologic studies, environmental management, public water supply, peer
review, and project management. Throughout his 15 years at the Texas Commission on
Environmental Quality and contract work with the U. S. Environmental Protection Agency, Mr.
Cross gained extensive experience and knowledge on the development of rules, regulations, and
guidelines associated with the Underground Injection Control, Public Drinking Water, and Waste
Management programs. He is considered the architect of Texas’ statewide Source Water
Protection Program and directed the program for years. He was responsible for developing site-
specific groundwater protection strategies, development of public education strategies, and
coordination of local, regional, state, and federal representatives to assure comprehensive
program coordination.





